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SUMMARY 

T h i s  work expands t h e  b a s i c  p r o p o s i t i o n s  of t h e  problem 
" A s t r o p h y s i c a l  Phenomena and Radiocarbon" p r e s e n t e d  by t h e  
a u t h o r s  i n  a r t ic le  [ 1 1 .  

I .  INTRODUCTION 

The i n t e n s i t y  of p h y s i c a l  exper iments  i n  o u t e r  space  has  
s h a r p l y  i n c r e a s e d  w i t h  t h e  development of  s a t e l l i t e  technology.  
I n v e s t i g a t i o n s  i n  space  are of both p u r e l y  s c i e n t i f i c  and p r a c t i c a l  
i n t e r e s t .  N a t u r a l l y ,  t h i s  d i s t i n c t i o n  i s  p u r e l y  c o n v e n t i o n a l ,  
s i n c e  w i t h o u t  knowing t h e  r e g u l a r i t i e s  of p r o c e s s e s  a c c u r i n g  i n  
space  ( t h e  s c i e n t i f i c  s i d e  of t h e  problem) it i s  imposs ib l e  t o  
c a r r y  o u t  s p a c e  f l i g h t s  w i t h  a s t r o n a u t s ,  ( i . e .  manned space  f l i g h t s ) .  
On the o t h e r  hand, a d e t a i l e d  i n v e s t i g a t i o n  of v a r i o u s  phenomena 
n e c e s s i t a t e s  t he  p a r t i c i p a t i o n  of a s t r o n a u t s  i n  the exper iments .  
Therefore, both s i d e s  o f  t h e  problems are i n t e r c o n n e c t e d  and com-  
p lement  each o t h e r .  

I t  i s  w e l l  known tha t  t h e  f o r e c a s t i n g  of s o l a r  c o n d i t i o n s  
which i n  a major degree determine the c o n d i t i o n s  i n  the E a r t h ' s  
atmosphere and n e a r - t e r r e s t r i a l  space  i s  of u tmost  importance 
f r o m  t h e  s t a n d p o i n t  of t h e  s a f e t y  of f l i g h t s .  T h e  knowledge of 
t h e  c h a r a c t e r i s t i c s  of v a r i o u s  p r o c e s s e s  i n  t h e  Sun can make it 
possible t o  forecast s o l a r  c o n d i t i o n s .  To t h i s  end ,  i t  i s  n e c e s s a r y  
t o  s t u d y  i n  d e t a i l  t h e  energy  spec t rum and t h e  i n t e n s i t y  of bo th  
t h e  c o r p u s c u l a r  and the  e l e c t r o m a g n e t i c  r a d i a t i o n  of the Sun, and 
t o  de te rmine  t h e  t i m e  dependence of t h e  p r o c e s s e s .  

The e x i s t i n g  methods of  inves  t i c r a t ion  consist I n  rsgisterir- LY 

t h e  e v e n t s ,  whose s i g n a l s  are r e c e i v e d  d u r i n g  t h e  exper iment .  I n  
the case of t h e  Sun, t h e  i n v e s t i g a t e d  processes are v i r t u a l l y  occur- 
r i n g  a t  a g iven  moment of time. On t h e  o ther  hand, i n v e s t i g a t i o n s  
Of the t i m e  dependence of p rocesses  r e q u i r e  the a v a i l a b i l i t y  of 
data c o v e r i n g  a s u f f i c i e n t l y  large t i m e  i n t e r v a l .  N a t u r a l l y ,  t h e  



I 2 

I l e n g t h  of t h i s  i n t e r v a l  depends on the phenomenon b e i n g  s t u d i e d .  
I f ,  f o r  i n s t a n c e ,  w e  a r e  concerned w i t h  t h e  80-year c y c l e  of 
so l a r  a c t i v i t y ,  t h e  d u r a t i o n  of t h e  t i m e  i n t e r v a l  has  t o  be of 
s e v e r a l  hundred y e a r s ,  and s o  f o r t h .  Knowledge of p a s t  s o l a r  

forecast f u t u r e  so l a r  c o n d i t i o n s .  I n  t h i s  connec t ion ,  i t  i s  
a p p r o p r i a t e  t o  develop  methods f o r  s t u d y i n g  the p a s t  c o n d i t i o n s  

space .  The n e c e s s i t y  of f i n d i n g  “eye-wi tnesses“  of t h e  p a s t  

cour se  of the s t a t e  of the  Sun. Up t o  now, t h e  o u t b u r s t  mechanism 
of supernovae which ,  accord ing  t o  o u r  p r e s e n t  n o t i o n s ,  a r e  t h e  

i n v e s t i g a t i n g  supernovae o u t b u r s t s  i s  due t o  a l a r g e  degree  t o  t h e  
f a c t  t h a t  the s e n s i t i v i t y  o f  up-to-date methods of r a d i a t i o n  

I r e c o r d i n g  (gamma-and X - r a y s ,  n e u t r i n o )  do n o t  pe rmi t  t h e  s t u d y  of  
s t a r  f lares i n  o t h e r  g a l a x i e s .  Whether a f l a r e  i s  t o  occur  i n  t h e  
n e a r  f u t u r e  i n  o u r  Galaxy i s  unknown. What i s  r e l i a b l y  known i s  
t h a t  d u r i n g  the las t  millenium a t  l eas t  three supernova o u t b u r s t s  

t h e  problem of whether  these o u t b u r s t s  have l e f t  a trace i n  t he  
so l a r  sys tem t h a t  could  make it p o s s i b l e  t o  de termine  t h e i r  cha- 

I c o n d i t i o n s  for a long  t i m e  i n t e r v a l  would make i t  poss ib l e  t o  

I of  t h e  Sun, Of t h e  E a r t h ’ s  atmosphere and of t h e  n e a r - t e r r e s t r i a l  

t does n o t  a r i s e  s o l e l y  i n  connect ion w i t h  s t u d i e s  of the temporal  

I 
I source of cosmic r a y s ,  s t i l l  rema ins  u n c l e a r .  The  d i f f i c u l t y  of 

I took p l a c e  i n  o u r  Galaxy. N a t u r a l l y ,  here w e  are conf ron ted  wi th  

I racteristics. 

I n  1965 t h e  a u t h o r s  of t h i s  a r t i c l e  drew a t t e n t i o n  [.I] t o  
t h e  p o s s i b i l i t y  of s t u d y i n g  va r ious  a s t r o p h y s i c a l  phenomena by 
way of de te rmina t ion  of the radiocarbon c o n t e n t  i n  specimens of 
a known age. 

The p r e s e n t  work is devoted t o  t h e  development and a more 
detailed i n v e s t i g a t i o n  o f  the basic concepts  con ta ined  i n  t h e  
a forement ioned  a r t ic le .  

11. C’ DISTRIBUTION I N  VARIOUS RESERVOIRS 

The op in ion  on the o r i g i n  of C’ i n  t h e  E a r t h ’ s  atmosphere 
as b e i n g  due t o  t h e  ac t ion  of cosmic r a y s  i s  g e n e r a l l y  accepted .  
The n e u t r o n s  of t h e  secondary component of cosmic r a y s ’  form 
r ad ioca rbon  accord ing  t o  r e a c t i o n  N ’  ( n , p ) C  l 4  *,  L i k e  o r d i n a r y  
ca rbon ,  t h e  rad iocarbon o x i d i z e s  and mixes w i t h  t h e  normal carbon 
d i o x i d e  i n  the atmosphere.  P l a n t s  absorb  carbon d i o x i d e  f r o m  t h e  
atmosphere,  w h i l e  an imals  f e e d  on p l a n t s .  The re fo re ,  the vegetable 
and an imal  world c o n t a i n  rad iocarbon.  Atmospheri 7 rad iocarbon 
p e n e t r a t e s  a l so  i n t o  t h e  oceans i n  t h e  f o r m  of d i s s o l v e d  carbonate  
and b i c a r b o n a t e .  Moreover, t h e  r a t i o  between rad iocarbon and o r d i -  
n a r y  carbon c o n c e n t r a t i o n s  i s  apnrnximately 10’’ ( i n  a contempsrary 
o r g a n i c  subs t ance  C12 - 9 8 , 9 % ,  C”-;-I,IZ, ~ ’ 4  - 10-10%). If a 

R3diocarbon is  formed a l s o  i n  r e a c t i o n s  0 1 6 ( n ,  He3)C14, 
O 1 7 ( n ,  a)Cl4, N 1 5 ( n , d  ) C 1 4 ,  C13(n,y )C14. However, it i s  

* 

e a s y  t o  demonstrate  t h a t  the c o n t r i b u t i o n  of these r e a c t i o n s  t o  t h e  
rate of C14 format ion  is n e g l i g i b l y  s m a l l .  
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specimen drops  o u t  of t h e  exchange c y c l e  as a r e s u l t  o f  t h e  
dea th  of an imals  or p l a n t s ,  t h e  decay of C' 
a t  t h e  expense of CO, abso rp t ion  from t h e  atmosphere.  The re fo re ,  
r ad ioca rbon  c o n c e n t r a t i o n  dec reases  w i t h  t h e  h a l f - l i f e  of C '  4 ,  

which i s  T 1 / ,  = 5730 y e a r s  [ 2 ] .  

i s  n o t  compensated 

There fo re ,  an exper imenta l  d e t e r m i n a t i o n  of  t h e  number of 
undecomposed atoms i n  a m a t e r i a l  c o n t a i n i n g  carbon makes it 
p o s s i b l e  t o  c a l c u l a t e  t h e  time e l a p s e d  s i n c e  t h e  moment of carbon 
exchange c e s s a t i o n .  The rad iocarbon d a t i n g  method, which b rough t  
t o  i t s  a u t h o r  Libby t h e  Nobel P r i z e ,  i s  based  on t h i s  f a c t .  The 
r ad ioca rbon  d a t i n g  nethod i s  based on three pos t - i l l a t ions :  

1. The i n t e n s i t y  of cosmic r a y s  and, consequent ly ,  t h e  
ra te  of r ad ioca rbon  format ion  i n  t h e  E a r t h ' s  atmosphere i s  cons- 
t a n t  d u r i n g  several h a l f - l i v e s  of C". 

2 .  The rad iocarbon c o n t e n t  i n  v a r i o u s  r e s e r v o i r s  i s  c o n s t a n t  
d u r i n g  an e q u a l  t i m e .  

3. The ra te  of C '  t r a n s i t i o n  f r o m  t h e  atmosphere i n t o  o t h e r  
r e s e r v o i r s ,  and i n t o  oceans i n  p a r t i c u l a r ,  i s  a l so  c o n s t a n t .  

By measuring rad iocarbon c o n t e n t  i n  samples whose age is  known 
Libby and Anderson [ 3 1  have shown t h a t  d u r i n g  s e v e r a l  h a l f - l i v e s  
t h e  s p e c i f i c  a c t i v i t y  of C I 4  i s  c o n s t a n t  w i th  p r e c i s i o n  of up t o  
s e v e r a l  p e r c e n t .  Thereby, t h e  r e l i a b i l i t y  of t h e  d a t i n g  method 
w a s  confirmed and numerous i n v e s t i g a t i o n s  w e r e  s t a r t e d .  

With t h e  development of C 1  measurement technique  t h e  p re sence  
of  r ad ioca rbon  c o n c e n t r a t i o n  w a s  d e t e c t e d  i n  t h e  E a r t h ' s  atmosphere.  
A s  a r e s u l t  of combustion of b i l l i o n s  of t o n s  of o r g a n i c  m i n e r a l  
f u e l s  ( o i l ,  g a s ,  c o a l ) ,  an impor tan t  role w a s  p layed  f o r  t h e  las t  
1 0 0  y e a r s  b t h e  i n t a k e  i n t o  t h e  atmosphere of a n c i e n t  carbon 
devo id  o f  Cy" .  
"old carbon" added i n  t h e  atmosphere c o n s t i t u t e d  % 1 3 %  of i t s  t o t a l  
carbon c o n t e n t .  If t h e  mixing between t h e  v a r i o u s  reservoirs w e r e  
i n s t a n t a n e o u s ,  t h e  C 1 4  c o n c e n t r a t i o n  i n  t h e  atmosphere would vary  
by on ly  0.13% and t h e  d i l u t i o n  e f f e c t  (Suess  e f fec t )  would n o t  have 
been d e t e c t e d .  Suess  has  demonstrated 141 t h a t  t h e  C 1 4  c o n c e n t r a t i o n  
on accoun t  of t h e  combustion e f f ec t  has  a c t u a l l y  decreased  by 2 % .  
On the b a s i s  of t h e s e  d a t a  Ferguson [51 determined t h e  mean s o j o u r n  
t i m e  of carbon d i o x i d e  m o l e c u l e s  i n  t h e  atmosphere.  I t  proved t o  be  
less t h a n  7 y e a r s .  

E s t i m a t e s  have shown t h a t  from 1860  t o  1 9 5 4 ,  t h e  

D e  V r i e s  [ 6 ]  drew a t t e n t i o n  t o  t h e  s h o r t - p e r i o d  v a r i a t i o n s  of 
C14 c o n c e n t r a t i o n  i n  specimens of known age around 1 7 0 0 .  H e  assumed 
t h a t  t h e s e  f l u c t u a t i o n s  are connected w i t h  climatic changes iii LL- LllG 

w o r l d  a t  large,  and compared them w i t h  t h e  advances and r e t r e a t s  of 
g lac ie rs  f r o m  t h e  1 7 t h  c e n t u r y  t o  t h e  p r e s e n t  t i m e .  
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Analys is  of y e a r l y  wood l a y e r s  carried o u t  on t ree  samples 
a c c u r a t e l y  da t ed  f o r  t h e  l as t  1 3 0 0  y e a r s  h a s  shown s u b s t a n t i a l  
f l u c t u a t i o n s  i n  t h e  C" con ten t  [ 71 .  These f l u c t u a t i o n s  ref lect  
t h e  r e a l  changes of C 1 4  con ten t  i n  t h e  a tmospher ic  c a r b o n i c  a c i d . *  
t h e  v a r i a t i o n s  of cosmic r a d i a t i o n  could be one of t h e  m o s t  pro-  
b a b l e  causes  of  t h e s e  changes. The cosmic r a d i a t i o n  v a r i a t i o n s  
a r e  due t o  c y c l i c  changes i n  s o l a r  a c t i v i t y  and they  p o s s i b l y  
accompany such r e l a t i v e l y  rare phenomena as t h e  b u r s t s  of supe r -  
novae e t c . ,  

I n  t h i s  connec t ion  w e  have o u t l i n e d  i n  [l] t h e  importance of  
comparing C ' "  c o n t e n t  i n  t h e  age - r ings  of bo th  l i v e  and a rcheo lo -  
g i c a l l y - d a t e d  trees w i t h  h i s t o r i c a l l y  known as t ronomica l  pheno- 
mena or wi th  t h e  d a t a  of modern o b s e r v a t i o n s  e n a b l i n g  us t o  d e t e r -  
mine t h e  d a t e  of some c a t a s t r o p h i c  event i n  t h e  p a s t .  

d a t a  on C ' "  c o n c e n t r a t i o n  i n  samples of known age w e r e  scarce. 
Later appeared t h e  w o r k s  [8-111, d e a l i n g  wi th  i n v e s t i g a t i o n s  on 
r ad ioca rbon  c o n t e n t  i n  a large number of specimens of  known age. 

i n  dendrochrono log ica l ly  da ted  specimens had convinced u s  even 
more of t h e  n e c e s s e c i t y  of i n v e s t i g a t i n g  t h e  problem of t h e  
p o s s i b l e  role  of r ad ioca rbon  i n  a s t r o p h y s i c a l  s t u d i e s .  

The t o t a l  q u a n t i t y  of C 1 4  i n  a l l  t h e  reservoirs determined by 
t h e  e q u i l i b r i u m  between C' " decay and format ion  p r o c e s s e s ,  c o n s t i -  
t u t e s  ?, 60  t o n s .  The main mass of C 1 4  ( 9 0 % )  i s  con ta ined  i n  
oceans  (mainly i n  i n o r g a n i c  compounds). The remaining q u a n t i t y  is  
c o n t a i n e d  i n  t h e  a tmospher ic  carbon d i o x i d e ,  i n  t h e  E a r t h ' s  b i o -  
s p h e r e  and i n  t h e  humus. The t o t a l  amount of C 1 4  i n  t h e  E a r t h ' s  
a tmosphere i s  'L 700 kg ( 3 . 1 0 2 8  atoms). Exchange of carbon e x i s t s  
between t h e  reservoirs and, on t h e  a v e r a  e ,  a dynamic e q u i l i b r i u m  
t a k e s  p l a c e .  I f ,  f o r  some cause,  t h e  C1' c o n t e n t  i n  one of t h e  
r e s e r v o i r s ,  f o r  i n s t a n c e  i n  t h e  atmosphere,  undergoes a change, 
t h e n ,  a f t e r  a c e r t a i n  l a p s e  of t i m e  t h e  e q u i l i b r i u m  i s  aga in  re- 
e s t a b l i s h e d .  What i s  e s s e n t i a l  i s  t h a t  t h e  volume of t h e  atmos- 
p h e r i c  r e s e r v o i r  as compared t o  t h e  t o t a l  volume i s  very  s m a l l  . 
Consequent ly ,  even r e l a t i v e l y  m a j o r  changes i n  t h e  C l '  c o n t e n t  of 
t h e  atmosphere r e s u l t  i n  s m a l l  v a r i a t i o n s  of t h e  t o t a l  C 1 4  c o n t e n t  
i n  the e n t i r e t y  of the r e s e r v o i r s .  I n  t h i s  connec t ion  it is  ve ry  
i m p o r t a n t  t o  know t h e  dynamics of r ad ioca rbon  exchange between 
the reservoirs. 

When a r t i c l e  1 1 1  w a s  s e n t  f o r  p u b l i c a t i o n ,  t h e  expe r imen ta l  

1 4  
Such an i n t e n s e  i n t e r e s t  i n  de te rmining  t h e  C c o n c e n t r a t i o n  

* The y e a r l y  p r o c e s s  o f  c a r b o n  a s s i m i l a t i o n  i n  t r e e s  i s  c o n n e c t e d  

y e a r  t h i s  l a y e r  i s  v i r t u a l l y  e x c l u d e d  f r o m  c a r b o n - h y d r o g e n  e x c h a n g e .  
T h e r e f o r e ,  t h e  C" c o n t e n t  of a n  a n n u a l  l a y e r  c o r r e s p o n d s  t o  t h e  
c o n c e n t r a t i o n  i n  C l 4  o f  t h e  a t m o s p h e r e  d u r i n g  t h e  y e a r  o f  t h i s  
l a y e r ' s  f o r m a t i o n .  

w i t h  t h e  y e a r l y  f o r m a t i o n s  o f  a new wood l a y e r .  I n  t h e  f o l l o w i n g  
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I 

b 

T o  s o l v e  t h i s  problem t h e  r e s p e c t i v e  ba l ance  e q u a t i o n s  are 
u s u a l l y  composed, t a k i n g  i n t o  c o n s i d e r a t i o n  t w o  reservoirs, 
namely t h e  atmosphere and t h e  ocean* [10,121 : 

where index  1 re la tes  t o  t h e  atmosphere,  and index  2 t o  t h e  ocean: 
x i s  t h e  q u a n t i t y  of  C14 i n  g , ~ r n - ~ ;  

A ,  i s  t h e  p r o b a b i l i t y  of E l 4  t r a n s i t i o n  f r o m  atmosphere t o  

Q i s  t h e  r a t e  of C 1 4  
format ion  i n  g.cm'2 y e a r - ' ;  A = - I year - '  i s  the C 1 4  decay c o n s t a n t ;  

ocean i n  one t i m e  u n i t ,  and  A 2  i s  t h e  p r o b a b i l i t y  of C14 t r a n s i t i o n  
f r o m  ocean t o  atmosphere i n  one t i m e  u n i t .  

L t  us examine two cases :  a )  t h e  q u a n t i t y  of r ad ioca rbon  i n  t h e  
atmosphere changes i n s t a n t a n e o u s l y  by t h e  q u a n t i t y  A x d  
. (A @-ct)=aX,  $(t) ).. 
such as t h e  e x p l o s i o n  of a n u c l e a r  bomb or  t h e  o u t b u r s t  of a supe r -  
nova; b)  A 
cesses. As an example w e  may c i t e  t h e  s o l a r  a c t i v i t y .  L e t  u s  
i n t r o d u c e  t h e  fo l lowing  symbols: A ,  and A 2  which are r e s p e c t i v e l y  

are the  c o n c e n t r a t i o n s  of C14 r e l a t i v e  t o  C I 2  r e s p e c t i v e l y  i n  t h e  
atmosphere and i n  t h e  ocean; 3c"- h+h,Lh2,90 is  t h e  r a t e  of C14 for- 
mat ion  i n  g.cm-2 year'' averaged i n  t i m e .  Taking i n t o  account  
these symbols t h e  s o l u t i o n  of e q u a t i o n s  1 f o r  t h e  case "a" may be 
r e p r e s e n t e d  i n  t h e  form 113,141: 

g.cm-2. 
T h i s  c a s e  cor responds  t o  e x p l o s i v e  p r o c e s s e s ,  

(i) = / A a le'"" . T h i s  c a s e  cor responds  t o  c y c l i c  pro-  

t h e  C' g. cm-2 f o r  t h e  atmosphere and t h e  ocean: - x 4  and R, = __ x2 
Rt- K* A 2  

- where ))= 7-- A 2  =I A'= 3 ; Tz is  t h e  mean t i m e  of C I 4  t r a n s i t i o n  from 
1 $  ocean t o  a?;nospkre, and T, i s  t h e  same q u a n t i t y  fo r  t h e  reverse 

p r o c e s s .  

* O b v i o u s l y ,  a l l  r e s e r v o i r s  s h o u l d  b e  t a k e n  i n t o  c o n s i d e r a t i o n  
f o r  a m o r e  a c c u r a t e  s o l u t i o n  o f  t h e  p r o b l e m .  H o w e v e r ,  w e  s h a l l  
a b s t a i n  i r ~ ~  s e  . I c i n g  f ~ r  t ~ =  ~ ~ Z S G Z S :  ~ i i e  c h a -  
r a c t e r i s t i c  t i m e s  o f  m i x i n g  b e t w e e n  r e s e r v o i r s  a r e  known;  s e c o n d l y ,  
t a k i n g  i n t o  a c c o u n t  all r e s e r v o i r s  b r i n g s  a b o u t  o n l y  an i n s i g n i f i -  
cantly s l i g h t  c h a n g e  i n  t h e  o v e r a l l  r e s u l t s ,  v i r t u a l l y  n o t  a f f e c -  
t i n g  t h e  b a s i c  c o n c l u s i o n s .  

f i r s t ,  i,cit a l l  L - ~  
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Genera l ly  s p e a k i n g ,  t h e  p r e s e n c e  i n  t h e  oceans  o f  mixing 
l a y e r s  ( i n t e n s e  mixing goes on down t o  d e p t h s  o f  % 75 m )  makes  
i t  n e c e s s a r y  t o  i n v e s t i g a t e  t h r e e  r e s e r v o i r s ,  namely t h e  a tmosphere ,  
t h e  ocean su r face  l a y e r s  and t h e  ocean d e p t h  l a y e r s .  However, 
formulas  ( 2 )  can be used  provided  one c o n s i d e r s  ocean s u r f a c e  
l a y e r s  e i t h e r  as a p a r t  of t h e  a tmosphe r i c  o r  ocean reservoir. 
I n  t h e  f i r s t  case, v is  found t o  be e q u a l  t o  3 0 ,  i n  t h e  second case 
t o  60 ( t h e  amounts of C 1 4  i n  t h e  atmosphere and i n  t h e  s u r f a c e  
l a y e r s  are approx ima te ly  e q u a l ) .  A t  t h e  p r e s e n t  t i m e  t h e  e x a c t  
v a l u e  o f  T I  i s  unknown. According t o  t h e  e x i s t i n g  data ,  Ti f i n d s  
i t s e l f  i n  a? i n t e r v a l  bctxee:: 6 and 30 y e a r s  [12,13]. 

where 

Formulas ( 2 )  and ( 3 )  w i l l  be  used  l a t e r  on when t h e  problem of 
v a r i a t i o n  of r a d i o c a r b o n  c o n c e n t r a t i o n  i n  t h e  E a r t h ' s  a tmosphere 
due t o  a supe rnova  o u t b u r s t  and c y c l i c  s o l a r  a c t i v i t y  i s  inves -  
t i g a t e d .  

\ 

111. ANT) RA- 

140 r e s i d u e s  of supernovae are known a t  t h e  p r e s e n t  t i m e .  
Among them t h e  f o l l o w i n g  supernovae e x i s t  i n  o u r  Galaxy: Cassio- 
p e i a  A ( 1 7 0 0 ) ,  Kep le r  (1604) ,  Tycho Brage (1572)and  t h e  supernova  
i n  t h e  Crab n e b u l a  ( 1 5 0 4 ) .  Depending upon t h e i r  c h a r a c t e r i s t i c s ,  
supernovae  be long  t o  t y p e  I o r  t y p e  II*. The b a s i c  c h a r a c t e r i s t i c s  
of supernovae  based  on t h e  d a t a  of works [15-201 are p r e s e n t e d  i n  
t ab l e  I .  

The t y p e  I supernovae  b u r s t  a t  an e q u a l  f requency  i n  b o t h  t h e  
e l l i p t i c  and t h e  s p i r a l  g a l a x i e s ,  c o n c e n t r a t i n g  i n  the r e g i o n s  of 
g a l a c t i c  n u c l e i ,  w h i l e  t h e  supernovae of t y p e  I1 b u r s t  main ly  i n  t h e  
g a l a c t i c  s p i r a l  a r m s .  

A s p e c i a l  c h a r a c t e r i s t i c  f e a t u r e  of t y p e  I supernovae  is t h e  

* Z w i k k e  c o u n t s  f i v e  s u p e r n o v a  t y p e s  1153. 
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complete s i m i l a r i t y  of luminos i ty  t i m e  dependence curves .  Fol- 
lowing a r a p i d  r ise  of b r i g h t n e s s  and a smooth m a x i m u m  t h e r e  
occur s  d u r i n g  20-30 days a drop by 2-3 s t e l l a r  magnitude ( F i g . 1 )  
1201.  Then t h e  luminos i ty  decreases  e x p o n e n t i a l l y  w i t h  a 
h a l f - l i f e  of 40-70 days.  For t h e  t y p e  I1 supernovae t h e  shapes  

of  t h e  s p e c t r a  d i f f e r  n o t i c e a b l y  f r o m  one a n o t h e r .  What t h e y  
have i n  common i s  a r e l a t i v e l y  s l o w  d rop  a t  t h e  beginning ,  as 
compared w i t h  type  I supernovae. * 

The h y p o t h e s i s  according t o  which t h e  energy  release of  
+%--I -I rL sfipemovae is due te the spontaneous fissior! of such 
n u c l e i  as C f 2 5 4 ( T , / ,  = 55 days) i s  based  on t h e  p re sence  of t h e  
e x y o n e n t i a l  d rop  [ 2 1 1 .  A t  t h e  same t i m e  i t  i s  assumed t h a t  t h e  
Cf 5 4  nuc leus  i s  formed a t  t h e  expense of t h e  I r r l l  p rocess .  For- 
mation of % 1 0 3 0 g  of Cf254 i s  n e c e s s a r y  t o  e x p l a i n  t h e  observed  
luminos i ty  of supernovae.  

A s  t h e  e x p o n e n t i a l  luminos i ty  drop i s  c h a r a c t e r i s e d  f o r  
each  supernova by a q u i t e  s p e c i f i c  h a l f  - l i f e  , i t  became neces-  
s a r y  t o  assume [ 2 1 , 2 2 1  t h a t  t h e  l u m i n o s i t y  of each supernova i s  
due t o  t h e  spontaneous f i s s i o n  of a s p e c i f i c  i s o t o p e .  Th i s  l a s t  
assumption i s  obv ious ly  t h e  weakest p o i n t  of  " t h e  C f  hypo thes i s " .  

Colga te  [ 20,23,24 I cons ide r s  t h a t  when a degenera ted  
n e u t r o n  nuc leus  i s  formed i n  the s t a r ,  t h e r e  occurs  a r e f l e c t i o n  
t o  t h e  o u t s i d e  of t h e  subs tance  dropping  forward t h e  c e n t e r  of 
t h e  s t a r .  A s  a r e s u l t  t h e r e  appea r s  a shock wave. A s  it d r i f t s  
away from t h e  c e n t e r ,  t h e  wave i n t e n s i f i e s ,  s i n c e  t h e  d e n s i t y  of 
t h e  m a t t e r  d e c r e a s e s .  A s  a r e s u l t ,  t h e  v e l o c i t y  a t  s t e l l a r  s u r -  
face becomes p a r a b o l i c  and p a r t  of t h e  m a t t e r  i s  e j e c t e d  i n  t h e  
i n t e r s t e l l a r  space .  
I n  t h e  Colgate model r e l a t i v i s t i c  p a r t i c l e s  can be  g e n e r a t e d  i n  
t h e  outermost  l a y e r s  of  t h e  s t a r .  

The energy then  l i b e r a t e d  may r each  % 1052ergs .  

F i n z i  1251 h a s  r e c e n t l y  demonst ra ted  t h e  p o s s i b i l i t y  of 
supernova energy  release b e i n g  due t o  v i b r a t i o n a l  o s c i l l a t i o n s .  
I n  t h i s  case t h e  v i b r a t i o n a l  energy  may a t t a i n  % e r g s  1 2 6 1 .  

Even a s h o r t  s tudy** shows a l a c k  of unanimity on t h e  problem 
of supernovae o u t b u r s t  mechanism mainly due t o  t h e  s c a r c i t y  of 
e x p e r i m e n t a l  d a t a .  

T o  unde r s t and  t h e  p h y s i c a l  n a t u r e  of phenomena o c c u r r i n g  
d u r i n g  supernovae o u t b u r s t s ,  i t  i s  e s s e n t i a l  t o  know whether  t h e  
supernovae  e m i t  y-quanta and, i f  so,  what are t h e i r  i n t e n s i t y  and 
t h e i r  energy  spectrum. 

* P r e c i s e l y  b e c a u s e  o f  t h i s  a n d  d e s p i t e  t h e  d i f f e r e n c e  i n  
l u m i n o s i t y ,  t h e  l i g h t  e n e r g y  e m i t t e d  b y  b o t h  t y p e  I a n d  T y p e  I1 
s u p e r n o v a e  i s  a l m o s t  i d e n t i c a l .  

* *  F o r  a d e t a i l e d  s t u d y  s e e  [ 1 5 1 .  
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1 .  

days 
Fig.1. 

Time dependence of the luminositv of the 
sunernovae of type 1. 

Fig.2. 

Variation o f  C ’  Toncentration 
in the Earth’s atmosphere following a supernovae outburst: 

.\ - ~n w -  v u .  T .. 
1 -  v =  3 0 ,  2 - 
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1 -  

I t  i s  shown i n  [ l l  t h a t  a supernova o u t b u r s t  i n  o u r  ga l axy  
must be accompanied by a n o t i c e a b l e  change o f  r ad ioca rbon  con- 
c e n t r a t i o n  i n  t h e  E a r t h ' s  atmosphere i f  t h e  supernova y-lumino- 
s i t y  i s  o n l y  s l i g h t l y  l o w e r  than i t s  o p t i c a l  l uminos i ty .  A r g u -  
ments i n  favor of  a h igh  y- luminosi ty  of supernovae are c o n t a i n e d  
i n  t h e  r e c e n t  works of Clayton and Craddok [ 271  and Gould and 
Burbidge [ 2 8 1 .  

I f  d u r i n g  supernova o u t b u r s t s  t h e r e  are formed by t h e  ''r'' 
p r o c e s s  a l a r g e  number of heavy n u c l e i ,  i n c l u d i n g  r a d i o a c t i v e  
n u c l e i ,  -y-quanta have t o  be eiiiitted. The s e n s i t i v i t y  of mcderr? 
y - d e t e c t o r s  does n o t  pe rmi t  t he  r e g i s t r a t i o n  of y-quanta caused  
a t  t h e  p r e s e n t  t i m e  by supernovae o u t b u r s t  i n  o t h e r  g a l a x i e s .  
T h e r e f o r e ,  t h e r e  n a t u r a l l y  arises t h e  q u e s t i o n :  what i s  t h e  y - r a -  
d i o a c t i v i t y  of supernovae fragments i n  o u r  ga l axy  which i s  due t o  
n u c l e i  which as y e t  have n o t  comple t ly  d e s i n t e g r a t e d .  Basing 
t h e i r  arguments on " t h e  Cf2 h y p o t h e s i s " ,  Clayton and Craddok I271 
have i n v e s t i g a t e d  t h e  problem of y - r a d i o a c t i v i t y  of t h e  C r a b  ne- 
b u l a .  They have shown t h a t  ou t  of t h e  t o t a l  power of Crab nebu la  
r a d i o a c t i v e  n u c l e i ,  e q u a l  t o  % 1,2- 1 0  e r g / s e c ,  on ly  1% corres- 
pond t o  t h e  s h a r e  of y-quanta. The main p a r t  of t h e  r e l e a s e d  energy  
i s  t h e  k i n e t i c  energy  of a - p a r t i c l e s  and f i s s i o n  f ragments .  The 
s t r o n g e s t  y - l i n e  be longing  t o  Cf 2 4 9  ha s  an energy  of  390 kev. 
The f l u x  of such  y-quanta on E a r t h  i s  % 5*10'5y cm'2sec'1 [ 71.  
The r e g i s t r a t i o n  of t h i s  r a d i a t i o n  i s  h inde red  hy t h e  p re sence  of 
x- ray  background o f  t h e  Crab nebu la .  Th i s  background i s  synchro- 
t r o n o u s  and has  a cont inuous  spectrum. The 390 kev l i n e  can be 
d e t e c t e d  by means of equipment w i t h  h igh  a n g u l a r  and energy  
c h a r a c t e r i s t i c s .  The s e t t i n g  up of exper iments  f o r  t h e  r e g i s t r a t i o n  
of y-quanta w i t h  energy  of 390 kev i s  of major importance f o r  a 
p o s i t i v e  r e s u l t  would c o n s t i t u t e  a d i r e c t  c o r r o b o r a t i o n  of t h e  hypo- 
t h e s i s  accord ing  t o  which the  format ion  of heavy n u c l e i  du r ing  
supernovae o u t b u r s t s  t a k e s  p l ace  a t  t h e  expense of t h e  r -p rocess .  

Gould and Burbidge [28] s u g g e s t  t h e  t w o  fo l lowing  mechanisms 
of y-quanta fo rma t ion  du r ing  supernovae o u t b u r s t s :  

1. Nuclear  y-rays e m i t t e d  i n  t h e  p r o c e s s  of nucleon f u s i o n .  

2 .  y-rays e m i t t e d  a t  t h e  expense of r e l a t i v i s t i c  p a r t i c l e s '  
i n t e r a c t i o n  wi th  t h e  magnet ic  f i e l d  and t h e  mat ter  w i t h i n  
t h e  expanding s h e l l  of t h e  s t a r .  

According t o  Gould and Burbidge, t h e  f l u x  of  n u c l e a r  y-rays 
( E  1 M e V )  a t  a d i s t a n c e  of 1 k p a r s e c  from a supernova (1 k pa r -  
sec i s  t h e  d i s t a n c e  between Crab nebu la  and E a r t h ) ,  du r ing  o u t b u r s t  
i s  'L l o 4  y c m - 2 s e c - 1 ,  wh i l e  a t  a d i s t a n c e  of  M p a r s e c  ( t h e  d i s t a n c e  
between E a r t h  and e x t r a g a l a c t i c  supernovae)  i t  i s  loe4 y cm-2sec-'. 

C u r r e n t l y ,  t h e  presence  i s  e s t a b l i s h e d  of a l a r g e  q u a n t i t y  of 
r e l a t i v i s t i c  electrons i n  supernova fragments .  I t  i s  a l so  shown t h a t ,  
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a p p a r e n t l y ,  t h e r e  takes p l a c e  a t  p r e s e n t  a g e n e r a t i o n  of r e l a t i -  
v i s t i c  e l e c t r o n s ,  i . e . ,  9 0 0  y e a r s  a f t e r  t h e  o u t b u r s t  of t h e  
supernova.  Moreover, it h a s  been e s t a b l i s h e d  t h a t  t h e  e l e c t r o n s  
are pr imary and n o t  secondary e l e c t r o n s * .  I t  i s  n a t u r a l  t o  assume 
t h a t  t h e  e l e c t r o n  i n j e c t o r  i s  a former supernova and i t s  r e l a t i v e l y  
s m a l l  su r round ing  r e g i o n  [ 1 5 ] .  I t  i s  e q u a l l y  n a t u r a l  t o  assume 
t h a t  such  an a c c e l e r a t i o n  mechanism occured d u r i n g  t h e  active s t a g e  
UL L I I ~ :  supernova o u t b u r s t .  The r e l a t i v i s t i c  p r o t o n s  accelerated 
a t  t h e  t i m e  of t h e  o u t b u r s t  dur ing  t h e i r  i n t e r a c t i o n  w i t h  t h e  
s t e l l a r  s h e l l  mat te r  m u s t  form p i o n s .  The decay of charged p i o n s  
y i e l d s  n e u t r i n o s ,  e iectrons and p o s i t r o n s ,  wh i l e  t h a t  of IT" me- 
sons  y i e l d s  y-quanta. A s  a r e s u l t ,  t h e  format ion  of a l a r g e  quan- 
t i t y  of  y-quanta w i t h  energy  of 50-100 Mev may be expec ted .  
Bes ides  due t o  t h e  r e v e r s e  Compton e f f e c t ,  t h e  i n t e r a c t i o n  of 
e l e c t r o n s  and p o s i t r o n s  w i t h  the rma l  photons w i l l  a lso y i e l d  
y -quanta .  

-c LL- 

A s  Gould and Burbidge have no ted  very  c o r r e c t l y  [ 2 8 1 ,  t h e i r  
c o n s i d e r a t i o n s  on t h e  g e n e r a t i o n  mechanism of y-quanta are t o  a 
very  h igh  degree  s p e c u l a t i v e ,  f a c t  which stresses aga in  t h e  ex- 
t r eme ly  u n c l e a r  s i t u a t i o n  now p r e v a i l i n g  i n  t h e  q u e s t i o n  of super -  
nova o u t b u r s t  mechanism. A t  t h e  same t i m e  t hey  u n d e r l i n e  t h e  
e x c e p t i o n a l  importance of  t h e  problem of  t h e  p o s s i b l e  y-quanta 
g e n e r a t i o n  d u r i n g  t h e  active s t a g e  of supernovae o u t b u r s t s .  

A s  a matter  of  f a c t ,  t h e  absence of high-energy y-quanta 
w o u l d  be  ev idence  a g a i n s t  t h e  g e n e r a t i o n  of a large q u a n t i t y  of 
r e l a t i v i s t i c  p r o t o n s ,  and v i c e  versa. 

I t  i s  s u g g e s t e d  i n  [l] t h a t  t h e  mechanism of r ad ioca rbon  
fo rma t ion  i n  t h e  E a r t h ' s  atmosphere i s  due t o  t h e  a c t i o n  of 
y-quanta which p o s s i b l y  accompany supernovae o u t b u r s t s .  During 
t h e  i n t e r a c t i o n  w i t h  t h e  n u c l e i  of t h e  E a r t h ' s  atmosphere,  y - r a -  
d i a t i o n  can f o r m  n e u t r o n s  on t h e  b a s i s  of  r e a c t i o n s :  ( y , n ) ,  
(y, 2n)  , (y ,  pn) , (y, an) etc., Moreover, t h e  secondary  p a r t i c l e s  
( p , d )  can a l s o  form n e u t r o n s .  

Making use  of t h e  v a l u e  of t h e  c r o s s - s e c t i o n s  
d i n g  p h o t o n u c l e a r  reactions [30-331 , w e  o b t a i n  f o r  
of n e u t r o n  format ion  by y-quanta w i t h  energy o f  25  
% 5% a n d  % 2 %  f o r  Ey 50 M e V .  

of correspon-  
t h e  p r o b a b i l i t y  
Mev a v a l u e  

* Had t h e  e l e c t r o n s  b e e n  o f  a s e c o n d a r y  n a t u r e ,  p o s i t r o n s  a n d  y - q u a n t a  
w o u l d  h a v e  b e e n  f o r m e d  t o g e t h e r  w i t h  t h e m .  T h e  e x p e r i m e n t s  o f  Chu- 
d a k o v  e t  a1 [ 2 9 ]  h a v e  s h o w n  t h a t  t h e  y - q u a n t a  f l u x  f r o m  t h e  t r a b  
n e b u l a  w i t h  E > 5 . 1 0 - ' *  e v  i s  l o w e r  t h a n  5.10'1' p h o t o n s  cm- s e c - l ,  
i . e .  i t  i s  l o w e r  by  a f a c t o r  of 1 0 0 0  t h a n  was e x p e c t e d  u n d e r  t h e  
a s s u m p t i o n  o f  t h e  s e c o n d a r y  o r i g i n  o f  t h e  r e l a t a v i s t i c  e l e c t r o n s  in 
t h e  C r a b  n e b u l a .  
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Libby [34] had shown as e a r l y  a s  i n  1 9 4 6 ,  t h a t  i n  t h e i r  
i n t e r a c t i o n  w i t h  n i t r o g e n ,  neut rons  g e n e r a t e d  i n  t h e  atmosphere 
are be ing  absorbed ,  forming rad iocarbon on t h e  b a s i s  of t h e  
r e a c t i o n  ( n ,  p ) .  

The v a r i a t i o n s  i n  rad iocarbon c o n c e n t r a t i o n  i n  t h e  E a r t h ' s  
atmosphere fo l lowing  t h e  explos ion  of supernovae i n  o u r  Galaxy 
are p r e s e n t e d  i n  Table  I1 for  t h r e e  v a l u e s  of t h e  t o t a l  y- rad ia-  
t i o n  ene rgy ,  nzmely 10"' ergsi l ~ ~ ~ e r g s  and ergs. 

The a v a i l a b l e  d a t a  on t h e  1054, 1572, 1 6 0 4  and 1 7 0 0  super -  
ncvae b e a r  w i t n e s s  t o  t h e  fact thzt t h e  t o t a l  energy  of t h e  rela- 
t i v i s t i c  e l e c t r o n s  g e n e r a t e d  by a s ta r  a t t a i n s  a magnitude of 
1 0 " '  - 1 0 " '  e r g s  p e r  o u t b u r s t  [35 ,36] .  I t  i s  cons ide red  [361 t h a t  
t h e  t o t a l  energy  of  a l l  cosmic r a y s  i s  by t w o  o r d e r s  h i g h e r  t h a n  
t h e  r e l a t i v i s t i c  e l e c t r o n  energy,  i . e .  t h a t  it amounts t o  1 0 5 0 - 1 0 5 1  
e r g s  p e r  o u t b u r s t .  On t h e  o t h e r  hand, t h e  upper l i m i t  of t h e  t o t a l  
energy  of cosmic r a y s  i s  of t h e  o r d e r  of t h e  t o t a l  e n e r  y of  t h e  
e x p l o s i o n  r e a c h i n g  1051  - los2 e r g s  and even - l o 5 '  e r g s  [15,  
1 9 , 3 7 , 3 8 ] .  I f  t h e  format ion  o f  y-quanta i s  due t o  t h e  i n t e r a c t i o n  
of r e l a t i v i s t i c  p r o t o n s  wi th  t h e  m a t t e r  of t h e  supernova s h e l l ,  
t h e  t o t a l  energy  of  t h e  y-component must be of t h e  same o r d e r  as 
t h e  energy  of cosmic r a d i a t i o n  (or ,  i n  any case, only  s l i g h t l y  
lower).  

T o  e v a l u a t e  t h e  v a r i a t i o n  of r ad ioca rbon  c o n c e n t r a t i o n  i n  t h e  
E a r t h ' s  atmosphere it i s  necessary  t o  know also,  b e s i d e s  t h e  
y-component ene rgy ,  t h e  d i s t a n c e  between E a r t h  and supernova.  
U n f o r t u n a t e l y ,  t h e  a v a i l a b l e  d a t a  d i f f e r  s o m e t i m e s  by one o r d e r  of 
magnitude. For i n s t a n c e ,  according t o  [15,16,36,391,  t h e  d i s t a n c e  
between t h e  E a r t h  and t h e  Tycho-Brage supernova would be 360 p a r s e c  
(1500-1700)parsec ,  2 4 0 0  pa r sec  and 3300 p a r s e c ,  r e s p e c t i v e l y .  The 
d i s t a n c e  t o  t h e  Kepler  supernova varies w i t h i n  1 0 0 0  p a r s e c  [361  
and 9 9 0 0  p a r s e c  [ 3 9 ] .  Depending upon t h e  shape of t h e  Crab nebu la ,  
t h e  d i s t a n c e  t o  it could  be  1100 p a r s e c  (a  f l a t t e n e d  shape ,  w i t h  
two e q u a l  axes  and a t h i r d  smaller a x i s )  o r  1 7 0 0  p a r s e c  (an e l o n g a t e d  
s h a p e ,  w i t h  t w o  e q u a l  axes and a t h i r d  l o n g e r  a x i s .  A s  r e g a r d s  
C a s s i o p e i a  A ,  a l l  a u t h o r s  agree t h a t  t h e  d i s t a n c e  t o  i t  i s  3400  
p a r s e c .  

The v a r i a t i o n s  of rad iocarbon c o n c e n t r a t i o n  i n  t h e  E a r t h ' s  
atmosphere p r e s e n t e d  i n  Table I1 r e f l e c t  t h i s  l a c k  of accuracy i n  
d e t e r m i n i n g  d i s t a n c e s .  

A t  t h e  p r e s e n t  t i m e ,  the  accuracy  of  t h e  r e g i s t r a t i o n  of 
r a d i o c a r b o n  c o n c e n t r a t i o n s  i n  t h e  age - r ings  of trees a t t a i n s  0.3% 
and t h e r e  i s  a p o s s i b i l i t y  of i n c r e a s i n g  it t o  ( 0 . 1  - 0.05) %. 

A s tudy  of t h e  d a t a  con ta ined  i n  Table  I1 shows t h a t  when t h e  
e n e r g y  of t h e  y-component i s  n o t  below l o 4 '  e r g  i t  i s  p o s s i b l e  t o  
d e t e c t  e x p e r i m e n t a l l y  t h e  v a r i a t i o n  of t h e  C 1 4  c o n t e n t  i n  t h e  E a r t h ' s  
a tmosphere due t o  a supernova o u t b u r s t .  



13 

7- 
\ 
M 
Ll 
a, 
\ 

VI 
U 
C 
a, 
C 
0 
t. 
E 
0 
c) 

I 

> 
h 
M 
k 
aJ 
C 
W 

4 
(d 
u 
0 
H 

h 
M 

C 
C 
l- 

I 

l- 

- 
I- 

I 

0.4 

I 
C 
I- 

C 

N 
I 
C 
r 

I 

3 
I 
0 
d 

- 

0 
m 

- 
I 
0 
rl 

4. 

I 

N 
I 
0 
4 

m 
c\I 

- 

a, 

- 

0 
0 
0 
03 

(. 

0 
N 

- 

03 

I 
.-I 

I 
0 
4 

N 

N 

I 
0 
4 

co 
I 

m 
I 
0 
4 

N 

0 
VI 

- 

0 
In 

- 

r( 

I 
0 
4 

In 
.. 

m 
I 
0 
4 

m 

v) 
N 

- 

C 
a 

4 

C 
< 

- 

d 

I 
C 
I- . 
a 

4 

< . 
- 

m 
I 
C 
I- . 
a 

I 

< . 
- 

C 
U 

- 



14 

A s  a l r e a d y  p o i n t e d  o u t  above, t h e r e  a r e  no reliable e s t i -  
mates of t h e  y-component energy.  Only one t h i n g  i s  clear.  
According t o  up-to-date concep t s ,  t h e  emis s ions  of  y-quanta by 
supernovae i n  an amount s u f f i c i e n t  f o r  t h e  d e t e c t i o n  of o u t b u r s t s  
by r ad ioca rbon  i s  n o t  excluded.  I n  t h e s e  c i r cums tances ,  w e  are 
of t h e  o p i n i o n  t h a t  i t  i s  necessa ry  t o  determine e x p e r i m e n t a l l y  
t h e  C I 4  c o n t e n t  i n  t h e  E a r t h ' s  atmosphere w i t h  a p r e c i s i o n  of n o t  
less t h a n  ( 0 . 3  - 0.1)% f o r  t h e  y e a r s  cor responding  t o  t h e  o u t b u r s t s  
of  t h e  a l r e a d y  known supernovae. I f  t h e  e f f e c t  proves t o  be p o s i -  
t i v e ,  i t  w i l l  become p o s s i b l e  t o  evalu te  t h e  energy of t h e  y-corn- 
ponent  du r ing  a supernova o u t b u r s t .  Then it w i l l  become, t o  a cer- 
t a i n  deg ree ,  p c s s i b l e  +- cu Llluu3t= nL---- m e  of t h e  hypotheses  among those 
now e x i s t i n g  wi th  r e g a r d  t o  the  mechanism of supernovae o u t b u r s t s .  
Moreover it w i l l  t hen  become p o s s i b l e  t o  i n v e s t i g a t e  e x p e r i m e n t a l l y  
t h e  u n d e t e c t e d  o u t b u r s t .  

I t  i s  a l s o  of c o n s i d e r a b l e  i n t e r e s t  t o  e s t a b l i s h  t h e  e x a c t  
d a t e  of t h e  Cass iope ia  A.  A t  p r e s e n t  t i m e  i t  i s  cons ide red  t h a t  
it f l a r e d  around 1 7 0 0 .  

F ig .2  shows t h e  t i m e  dependence of C 1 4  c o n t e n t  v a r i a t i o n  i n  
t h e  E a r t h ' s  atmosphere c a l c u l a t e d  on t h e  b a s i s  of formula 2 f o r  
t w o  v a l u e s  

L e t  u s  n o t e ,  t h a t  a c t u a l l y  t h e  f r o n t  of c o n c e n t r a t i o n  i n c r e a s e  
w i l l  n o t  be as s h a r p .  Firs t ,  because  i n  t h e  supernovae t h e  out -  
b u r s t  p r o c e s s  i s  of a f i n i t e  l i f e - l u m i n o s i t y  r e l a t i o n  ( f i g . 1 . )  and,  
s e c o n d l y ,  because  of t h e  delay i n  t h e  mixing of C 1 4  i n  t h e  E a r t h ' s  
a tmosphere.  Apparent ly ,  t h e  f i r s t  cause changes only  s l i g h t l y  t h e  
shape  of t h e  cu rves  shown i n  F i g . 2  s i n c e  t h e  m a i n  mass of supernova 
ene rgy  i s  e m i t t e d  i n  l e s s  than one y e a r .  A s  t o  t h e  mixing t i m e  
t h e r e  are a t  t h e  p r e s e n t  t i m e  no  a c c u r a t e  d a t a .  I t  w a s  mentioned 
[ 4 0 1  
t r o p o s p h e r e  1 - 2 y e a r s .  

t h a t  t h e  mixing t i m e  i n  t h e  s t r a t o s p h e r e  i s  5 y e a r s ,  and i n  t h e  

If  one succeeds  i n  d e t e c t i n g  supernovae o u t b u r s t s  e x p e r i m e n t a l l y  
and i n  de t e rmin ing  t h e  t i m e  dependence of t h e  v a r i a t i o n  of C' con- 
c e n t r a t i o n  i n  t h e  atmosphere,  it w i l l  become p o s s i b l e  t o  de termine  
t h e  c h a r a c t e r i s t i c  t i m e s  of C I 4  mixing i n  t h e  E a r t h ' s  atmosphere and 
of i t s  t r a n s i t i o n  i n  o t h e r  r e s e r v o i r s .  

I V .  SOLAR ACTIVITY AND RADIOCARBON 
- .  

I t  w a s  r e l i a b l y  a s c e r t a i n e d  t h a t  t h e  i n t e n s i t y  of pr imary 
cosmic r a y s  r each ing  t h e  Ear th  depends on s o l a r  c o n d i t i o n s .  
t h e  11 -yea r  c y c l e  of s o l a r  a c t i v i t y  t h e  t o t a l  i n t e n s i t y  of cosmic 
r a y s  undergoes c o n s i d e r a b l e  changes.  These v a r i a t i o n s  are connected 

During 
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w i t h  t h e  motion c o n d i t i o n s  of cosmic r a y s  i n  t h e  i n t e r p l a n e t a r y  
s p a c e  and are main ly  r e l a t e d  t o  low-energy p a r t i c l e s .  Thus, 
f o r  example,  t h e  i n t e n s i t y  of p r o t o n s  w i t h  energy  of 1 0 0  Mev 
varies f r o m  s o l a r  a c t i v i t y  m i n i m u m  i n  (1953, 1954 and 1965)  t o  
a maximum (1958) by a factor o f  4 ,  w h i l e  f o r  p r o t o n s  w i t h  e n e r g y  
E = 2 , 5  B e v  t h e  v a r i a t i o n  does n o t  exceed  4 0 % .  

With t h e  v a r i a t i o n  i n  t h e  f l u x  of pr imary  cosmic r a y s ,  t h e  
ra te  of  n e u t r o n  fo rma t ion  changes,  and,  consequen t ly ,  t h e  ra te  
of C 1 4  fo rma t ion  i n  t h e  E a r t h ' s  a tmosphere.  

I n  [ 4 1 1  t h e  problem of v a r i a t i o n  i n  t h e  r a t e  of r a d i o c a r b o n  
f o r m a t i o n  f r o m  t h e  s o l a r  a c t i v i t y  minimum (1953-1954) t o  i t s  
maximum (1957-1958) i s  i n v e s t i g a t e d  i n  d e t a i l .  

The basic r e s u l t s  o f  work [ 4 1 ]  are p r e s e n t e d  i n  Tab le  111. 

I f  one assumes a l i n e a r  connec t ion  between t h e  number of 
s u n s p o t s  and t h e  fo rma t ion  r a t e  ( 1 of C 1 4 ,  w e  may o b t a i n  t h e  
f o l l o w i n g  e x p r e s s i o n :  2 

where S i s  t h e  mean a n n u a l  number of s u n s p o t s  (1953-1954 S = 9 , l ;  
1957-1958 S = 1 8 7 . 5 ) .  Then, f o r  t h e  l a s t  111 y e a r s  w e  have  
2.50*0.50 atoms cm-'sec-' as t h e  mean rate o f  C' f o rma t ion  [ 4 1 ] .  
I t  s h o u l d  be  nGted t h a t  t h e  e s t i m a t e s  d i d  n o t  t a k e  i n t o  c o n s i d e r a t i o r l  
t h e  C 1 4  fo rma t ion  under t h e  a c t i o n  of n e u t r o n s  g e n e r a t e d  as a re- 
s u l t  of i n t e r a c t i o n  of so l a r  f l a r e  p r o t o n s  w i t h  a tmosphe r i c  n u c l e i .  
I n  r e a l i t y  t h e  ra te  of C 1 4  format ion  averaged  f o r  many p e r i o d s  of 
s o l a r  a c t i v i t y  w i l l  exceed  2.5 cm-*sec" .* 

On t h e  o t h e r  hand t h e  r a t e  of C 1 4  decay i n  t h e  same u n i t s  i s  
1.8'0.2 [ 1 2 1  and 1.9'0.2 [ 4 2 3 .  

This  conveys t h e  impress ion  t h a t  i n  t h e  l a s t  1 0 0  y e a r s  t h e  
r a t e  of C 1 4  fo rma t ion  w a s  h i g h e r  t h a n  t h e  r a t e  of decay,  so  t h a t  
r a d i o c a r b o n  c o n c e n t r a t i o n  i n  t h e  E a r t h ' s  a tmosphere must  have 
i n c r e a s e d .  

I t  s h o u l d  be  n o t e d  t ha t  t h e  r e l i a b i l i t y  of t h e  c a l c u l a t e d  

* L e t  u s  m e n t i o n  t h a t  a t  t h e  s o l a r  a c t i v i t y  maximum t h e  r a t e  of  
C 1 4  
p r i m a r y  c o s m i c  r a y s  a n d  r i s e s  on  a c c o u n t  o f  n u c l e a r  r e a c t i o n s  d u e  
t o  t h e  a c t i o n  o f  s o l a r  f l a r e  p r o t o n s .  A c c o r d i n g  t o  S t u i v e r  [ 4 3 ] ,  
t h e  e f f e c t  o f  f l a r e  p r o t o n s  m u s t  b e  w e a k .  

f o r m a t i o n  d r o p s  b e c a u s e  of  t h e  d e c r e a s e  i n  t h e  i n t e n s i t y  o f  
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V e l o c i t y  F o r m a t i o n  C I 4  
- 

v a l u e s  of  C I 4  format ion  (Table 111) i s  l o w  ( e r r o r  % 2 0 % )  which 
means t h a t  t h e  e r ror  o v e r l a p s  t h e  d i f f e r e n c e  between t h e  q u a n t i -  
t i es  2 . 6  and 2.08. However, t h i s  c i rcumstance  cannot  e l i m i n a t e  
t h e  e x p e r i m e n t a l l y  determined v a r i a t i o n s  i n  t h e  n e u r t r o n  f l u x  and,  
consequen t ly ,  i n  t h e  r a t e  o f  C 1 4  format ion  from so la r  a c t i v i t y  

T A B L E  I11 

V e l o c i t y  F o r m a t i o n  c ' ~  a t o m s  s m - 2  s ec - '  

1 9 5 3  - 1 9 5 4  I- 
O 
10 
2 0  
3 0  
4 0  
5 0  
6 0  

7 0 - 9 0  
m e a n  l a t i t u d e  

0 , 9 8  
1 , O l  
1 , 2 2  
1 , 8 3  
3 , 0 2  
4 , 5 2  
5 , 2 6  
5 , 3 8  
2 , 6 1  

L I 

1 9 5 7  - 1958 

0 , 9 3  
0 , 9 6  
1 , 1 5  
1 , 6 3  
2 , 4 5  
3 , 4 4  
3 , 7 9  
3 , 7 9  
2,08  

minimum t o  i t s  maximum. The aforementioned f i g u r e s  should  be 
c o n s i d e r e d  as t e n t a t i v e  and r e q u i r i n g  a c c u r a t e  expe r imen ta l  
checking .  

The re fo re ,  it can be  concluded t h a t  t h e r e  are i n d i c a t i o n s  
on v a r i a t i o n s  by 2 0 %  of t h e  r a t e  of C I 4  format ion  from so lar  
a c t i v i t y  m i n i m u m  t o  i t s  maximum, as w e l l  as of  a monotonic in -  
crease by an i d e n t i c a l  q u a n t i t y  f o r  a p e r i o d  of % 1 0 0  y e a r s .  

Formula 3 makes i t  p o s s i b l e  t o  de te rmine  t h e  ampli tude of 
v a r i a t i o n  i n  t h e  r ad ioca rbon  c o n t e n t  of t h e  E a r t h ' s  atmosphere. 
F i g .  3 shows t h e  de endence of f u n c t i o n  F,  on t h e  p e r i o d  of 
v a r i a t i o n  i n  t h e  Cl' formation r a t e .  I t  shows t h a t  t h e  a t t e n u a t i o n  
f a c t o r  i s  % f o r  a p e r i o d  of 1 0  y e a r s ,  and 10-1 f o r  1 0 0  y e a r s  
I n  o t h e r  words, i f  f o r  an l l - y e a r  c y c l e  of s o l a r  a c t i v i t y  t h e  rate 
of C' ' format ion  v a r i e s  by ~ U Z ,  t h e  ampii tude of v a r i a t i o n  i n  the 
c o n c e n t r a t i o n  i s  0 . 2 % .  For  a p e r i o d  of 1 0 0  y e a r s  t h e  v a r i a t i o n  
i n  t h e  c o n c e n t r a t i o n  w i l l  c o n s t i t u t e  2 % .  

Thus, w e  r each  t h e  conclusion t h a t  i n  o r d e r  t o  s tudy  p a s t  
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c o n d i t i o n s  of s o l a r  a c t i v i t y  it i s  n e c e s s a r y  t o  measure r a d i o -  
carbon c o n c e n t r a t i o n s  i n  dendrochrono log ica l ly  d a t e d  samples 
w i t h  g r e a t  p r e c i s i o n  ( n o t  less t h a n  0 . 2  - 1 % ) .  

F i g .  3 

D e p e n d e n c e  o f  f u n c t i o n  F ,  

o n  t h e  D e r i o d  o f  C14 

f o r m a t i o n  r a t e :  

I - v = 3 0 ,  2 - v = 6 0 .  

V. EXPERIMENTAL P O S S I B I L I T I E S  

A complete c y c l e  of expe r imen ta l  i n v e s t i g a t i o n s  i n c l u d e s  t h e  
f o l l o w i n g  s t a g e s :  

1. P r e p a r a t i o n  of t h e  r e q u i r e d  q u a n t i t i e s  of dencrochrono- 
l o g i c a l l y  d a t e d  samples.  

2. Determina t ion  i n  t h e  l a t t e r  of r ad ioca rbon  c o n t e n t .  

3 .  Determina t ion  of r ad ioca rbon  c o n t e n t  i n  t h e  E a r t h ' s  
a tmosphere on t h e  b a s i s  of i t s  e x p e r i m e n t a l l y  de te rmined  
c o n c e n t r a t i o n  i n  s a m p l e s  o f  known age. 
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W e  w i l l  b r i e f l y  examine a l l  t h e s e  stages i n  sequence.  

1. Dendrochronology i s  a method of d a t i n g  a r b o r e a l  p l a n t s  
on t h e  b a s i s  of  t h e i r  annua l  r i n g s .  Usua l ly ,  an annual  r i n g  is  
formed d u r i n g  one v e g e t a t i v e  season .  The wid th  of t h e  annua l  
r i n g  depends on many f a c t o r s * ,  namely - t h e  age of t h e  p l a n t ,  t h e  
l o c a t i o n  of t h e  l a y e r  i n  t h e  s t e m ,  t h e  p e r i o d i c i t y  and s t r e n g t h  
of f e r t i l i t y ,  t h e  me teo ro log ica l  c o n d i t i o n s ,  t h e  shading  of  t h e  
trees, f o r e s t  f i r e s  e t c . ,  [ 4 4 ] .  The enormous q u a n t i t y  of  v a r i o u s  
fac tors ,  whose s p e c i f i c  i n f l u e n c e  on t h e  w i d t h  o f  t h e  r i n g  i s  
unknown, means t h a t  comparison of  t h e  wid th  of r i n g s  from t w o  
d i f f e r e n t  trees f o r  t h e  same y e a r  would be meaningless .  Substan-  
t i a l  conc lus ions  can be reached only  by comparing t h e  r i n g s  of  
t h e  same tree f o r  d i f f e r e n t  y e a r s .  A s  t h e  i n f l u e n c e  of a number 
of f a c t o r s  i s  i d e n t i c a l  i n  cons ide rab le  areas, t h e  dynamics of r i n g  
growth i s  i d e n t i c a l  fo r  va r ious  trees growing a t  t h e  same t i m e  and 
n o t  f a r  from each o t h e r .  This c i rcumstance  i s  i m p o r t a n t  i n  t h e  
r e l a t ive  d a t i n g  of d i f f e r e n t  trees. When one succeeds  i n  ascertain- 
i n g  t h e  a b s o l u t e  age of some tree it becomes p o s s i b l e  t o  develop  
an a b s o l u t e  dendrochronologica l  s c a l e .  Such a s c a l e  makes it 
p o s s i b l e  t o  de termine  t h e  age of t h e  wood w i t h  an accuracy of up 
t o  1 y e a r .  The f i r s t  a b s o l u t e  dendrochrono log ica l  scale f o r  t h e  
y e a r s  6 9 8  t o  1 9 2 9  w a s  developed by A. Douglas (1935) f o r  t h e  
south-wes tern  r e g i o n s  of  t h e  United States  [451. 

I n  t h e  USSR t h e  f i r s t  a b s o l u t e  scale w a s  developed by B.A. 
Kolchin  on Novgorod materials (wood pavements, d ra inage  sys tems,  
l o w e r  l o g  r o w s  of b u i l d i n g s ) .  The l e n g t h  of  t h e  e n t i r e  scale i s  
578 y e a r s ,  from 884 t o  1 4 6 2  1 4 4 3 .  K o l c h i n ' s  a b s o l u t e  scale w a s  
i n t e n d e d  f o r  p i n e s  growing i n  p r o d u c t i v e  t y p e s  of  forests. Ob- 
viousl .y ,  t h e  age o f  a l l  k inds  of wood canno t  be determined on t h e  
b a s i s  o f  t h i s  scale [45 ] .  

T h e r e f o r e ,  t o  de termine  t h e  e x a c t  d a t e  of g r o w t h  of any r i n g  
i t  i s  n e c e s s a r y  t o  have an a b s o l u t e  dendrosca le  f o r  a g iven  t y p e  
of tree and a g iven  p l a c e  o f  grwoth. 

W i t h  trees growing a t  the  p r e s e n t  t i m e  t h e  mat te r  i s  rela- 
t i v e l y  s imple .  However, here a l s o  one m e e t s  w i th  compl i ca t ions  
because  it happens t h a t  i n  some y e a r s  t h e r e  are growths of  several 
r i n g s ,  w h i l e  i n  o t h e r  y e a r s  t h e r e  i s  no r i n g  a t  a l l .  I n  t h i s  case 
it is  a b s o l u t e l y  n e c e s s a r y  t o  deve lop  a dendrosca le  based on 
measurements of t h e  r i n g  width f o r  numerous trees of  a g iven  t y p e  
and i n  a g iven  r e g i o n .  

A s  r e g a r d s  r ad ioca rbon  measurements t h e r e  arises t h e  addi t io-  
n a l  d i f f i c u l t y  of o b t a i n i n g  a l a r g e  q u a n t i t y  of wood from one 

* L e o n a r d 0  d a  V i n c i  h a d  r e m a r k e d  as  e a r l y  as  i n  t h e  1 5 t h  
c e n t u a r y  t h a t  t h e  s u c c e s s i o n  o f  n a r r o w  and w i d e  a n n u a l  r i n g s  
i n  t h e  t r e e s  c o r r e s p o n d s  t o  t h e  s u c c e s s i o n  o f  h u m i d  a n d  d r y  y e a r s .  
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annua l  r i n g .  For i n s t a n c e ,  i n  order t o  de t e rmine  r a d i o c a r b o n  
c o n t e n t  w i t h  an accuracy  of  up t o  ( 0 . 2  - 0 . 3 )  % several hundred 
grams of wood are r e q u i r e d  f o r  t h e  s c i n t i l l a t i o n  method of C14 
measurements.  On t h e  o t h e r  hand, i n  o r d e r  t o  measure t h e  c o n t e n t  
w i t h  an accuracy  o f  ( 0 . 0 2  - 0 .031% t h e  r e q u i r e d  q u a n t i t y  of  wood 
would be 100 t i m e s  g r e a t e r ,  running  i n t o  t e n s  of k i log rams .  

Thus it s h o u l d  be  bo rne  i n  mind t h a t  s e r i o u s  d i f f i c u l t i e s  
l i e  ahead i n  t h e  r e a l i z a t i o n  of o u r  concepts  on t h e  role o f  r a d i o -  
carbon i n  a s t r o p h y s i c a l  i n v e s t i g a t i o n s .  The s i t u a t i o n  i s  aggra-  
v a t e d  by t h e  f a c t  t h a t  t h e r e  e x i s t s  ir, t h e  CTSSR z n l y  m e  l&hc?ra- 
t o r y  f o r  dendrochronology l o c a t e d  a t  t h e  I n s t i t u t e  of Archeology 
o f  t h e  USSR Academy of Sc ience .  W e  deem it  a b s o l u t e l y  n e c e s s a r y  
t o  i n t e n s i f y  s h a r p l y  t h e  i n v e s t i g a t i o n s  on dendrochronology n o t  
o n l y  because  t h e  p r e c i s e l y  d a t e d  r i n g s  are i n d i s p e n s a b l e ,  b u t  
a l so  because  t h i s  f i e l d  i s  by i t s e l f  of g rea t  s c i e n t i f i c  and p rac -  
t i c a l  i n t e r e s t .  

2 .  De te rmina t ion  of CI4 Concen t ra t ion  i n  t h e  Samples 

Radiocarbon c o n c e n t r a t i o n  i n  t h e  samples  i s  de te rmined  by 
means of p r o p o r t i o n a l  and s c i n t i l l a t i o n  c o u n t e r s .  P r e s e n t l y  
i n s t a l l a t i o n s  have  been worked o u t  which make it p o s s i b l e  t o  
de te rmine  C’  c o n c e n t r a t i o n s  w i t h  an accuracy  of up t o  0 . 3 % .  
The accu racy  of  t h e  d e t e r m i n a t i o n  i s  l i m i t e d  by t h e  background 
and s t a b i l i t y  of t h e  i n s t a l l a t i o n ,  and t h e  q u a n t i t y  of  r a d i o -  
ca rbon .  The l a t t e r  depends i n  i t s  t u r n  bo th  on t h e  age of t h e  
sample  and t h e  q u a n t i t y  o f  wood. The age can be  de te rmined  up 
t o  5 0 , 0 0 0  y e a r s .  A f u r t h e r  increase i n  t h e  l i m i t  age i s  sub- 
s t a n t i a l l y  h i n d e r e d  by t h e  n e c e s s i t y  of  d i s p o s i n g  of a large 
q u a n t i t y  of wood. Indeed ,  w i th  c a l c u l a t i o n  e f f i c i e n t y  of  1 0 0 %  
and measurement t i m e  o f  l o 6  sec, 1 g of  modern wood i s  r e q u i r e d  
t o  a t t a i n  an accuracy  of 1 %. One Eg i s  r e q u i r e d  f o r  measuring 
5 0 , 0 0 0  y e a r s  of  age, and as much as one t o n  f o r  measuring 1 0 0 , 0 0 0  
y e a r s .  Moreover, t h e  l i m i t e d  volume of  t h e  d e t e c t o r  n e c e s s i t a t e s  
i s o t o p i c  enr ichment  o f  CI4 r e l a t ive  t o  C ’ *  and C1 ’. A l l  o t h e r  
c o n d i t i o n s  b e i n g  i d e n t i c a l  and w i t h  a s u f f i c i e n t  q u a n t i t y  of wood, 
i n c r e a s e  i n  age l i m i t  r e q u i r e s  a thousandfo ld  en r i chmen t  f o r  e v e r y  
5 0 , 0 0 0  y e a r s .  T h e r e f o r e ,  even i f  one had hundreds of t o n s  of 
a n c i e n t  wood, l i m i t a t i o n s  i n  age d e t e r m i n a t i o n  would occur  because  
of t h e  d i f f i c u l t y  of  i s o t o p i c  enr ichment* .  

W e  s h o u l d  l i k e  t o  s a y  a few words on t h e  accu racy  of d a t i n g .  
A t  t h e  p r e s e n t  t i m e  t h e  r ad ioca rbon  method of d a t i n g  h a s  an accu- 
r a c y  of % 1%. Th i s  i s  due not  o n l y  t o  s ta t i s t ics .  Even i f  t h e  
s t a t i s t i c a l  e r r o r  and t h e  background of t h e  c o u n t e r  sys tem w e r e  

* When w o r k i n g  w i t h  a n c i e n t  s p e c i m e n s ,  o t h e r  d i f f i c u l t i e s ,  a r i s e  
n e c e s s a r i l y ,  t h e  d a n g e r  o f  c o n t a m i n a t i o n  b y  m o d e r n  c a r b o n  i n  p a r t i -  
c u l a r .  
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z e r o ,  i t  i s  d o u b t f u l  t h a t  i t  would be  p o s s i b l e  t o  measure w i t h  
b e t t e r  accu racy  t h a n  1%. A s  a mat ter  o f  f a c t  r a d i o c a r b o n  con- 
c e n t r a t i o n  i n  t h e  E a r t h ' s  atmosphere var ies  i n  t i m e  w i t h  an 
ampl i tude  f l u c t u a t i o n  having  r eached  i n  t h e  p a s t  several  p e r c e n t .  
On t h e  o t h e r  hand ,  when de termining  t h e  age i t  i s  assumed t h a t  
d u r i n g  t h e  t ree  growth epoch t h e  r a d i o c a r b o n  c o n t e n t  w a s  t h e  same 
as now. 

A f t e r  measuring w i t h  a h igh  accuracy  t h e  t i m e  dependence of 
C '  c o n c e n t r a t i o n s ,  i t  w i l l  become p o s s i b l e ,  i n  p r i n c i p l e ,  t o  
measure t h e  aqe of t h e  sample w i t h  a n  accuracy sf uy? tc 1 year ,  
n o t  on t h e  b a s i s  of t h e  average a c t i v i t y  of t h e  sample ,  b u t  on t h e  
b a s i s  of  t h e  a n n u a l  v a r i a t i o n  c h a r t .  A s  r e g a r d s  t h e  measurements 
of C '  
t h e  d i f f i c u l t y  of o b t a i n i n g  l a r g e  q u a n t i t i e s  of  wood, substant ia l  
d i f f i c u l t i e s  arise w i t h  r e g a r d  t o  t h e  s t a b i l i t y  of t h e  e x p e r i m e n t a l  
equipment .  For  an  accuracy  of 0 . 0 1 %  t h e  t o t a l  number of registered 
B - p a r t i c l e s  of C 1 4  must be l o 8 ,  which f o r  a v e l o c i t y  of 102sec"* 
r e q u i r e s  a measurement t i m e  of % 1 0  days .  During t h i s  t i m e  t h e  
s t a b i l i t y  of c o u n t  effectiveness must be  a s s u r e d  w i t h  a p r e c i s i o n  
o f  n o t  less t h a n  0 . 0 1 2 .  I n  the e x i s t i n g  i n s t a l l a t i o n s  B - p a r t i c l e  
measuremen's a r e  c a r r i e d  o u t  i n  a power window se t  by two t r e s h o l d  
v o l t a g e s .  A t  a h i g h  coun t ing  r a t e ,  t h e  background o f  t h e  i n s t a l -  
l a t i o n  does n o t  c o n s t i t u t e  any p e r i l  i n  t h e  r e g i o n  o f  h i g h  e n e r g i e s .  
T h e r e f o r e ,  t h e  upper  t h r e s h o l d  can be  f i x e d  above t h e  B-spectrum 
boundary t h e r b y  r e d u c i n t  t h e  r equ i r emen t s  f o r  i t s  s t a b i l i t y .  M a t -  
ters are worse w i t h  r e s p e c t  t o  t h e  lower t h r e s h o l d  which depends 
on n o i s e  p u l s e s .  H e r e ,  i t  becomes n e c e s s a r y  t o  use  a s p e c i a l  s y s -  
t e m  f o r  f o r c e d  s t a b i l i z a t i o n .  

c o n t e n t  i n  dendrochrono log ica l ly  d a t e d  spec imens ,  b e s i d e s  

3. De te rmina t ion  of Radiocarbon Con ten t  
i n  t h e  E a r t h ' s  Atmosnhere 

L e t  us examine i n  b r i e f  t h e  e x i s t i n g  d i f f i c u l t i e s  i n  d e t e r -  
min ing  r a d i o c a r b o n  c o n t e n t  i n  t h e  E a r t h ' s  atmosphere on t h e  basis  
of t h e  e x p e r i m e n t a l  va lues '  of C I 4  c o n c e n t r a t i o n s  i n  t h e  age - r ings  
of trees.  

F i r s t  o f  a l l  i t  s h o u l d  be a s c e r t a i n e d  whether  t he  migra t ion  
of r a d i o c a r b o n  f r o m  one r i n g  t o  a n o t h e r ,  does e x i s t  o r  n o t .  S p e c i a l  
e x p e r i m e n t s  d e a l i n g  w i t h  i n v e s t i g a t i o n s  of C I 4  c o n t e n t  i n  r i n g s  of 
l i v e  trees p r i o r  and fo l lowing  t h e  p e r i o d  of n u c l e a r  bomb t e s t s ,  
w e r e  carr ied o u t  i n  
t h e  C 1 4  c o n t e n t  due 
i n  t h e  atmosphere.  

a number of l a b o r a t o r i e s .  I t  i s  w e l l  known t h a t  
t o  n u c l e a r  bombs, i n c r e a s e d  more than  twofo ld  
Measurements have shown w i t h  a precisinn to 

* S u c h  a v e l o s i t y  i s  n o t  e a s y  t o  a t t a i n .  
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f r a c t i o n s  of one p e r c e n t  t h a t  n o  m i g r a t i o n  from e x t e r n a l  t o  
i n t e r n a l  l a y e r s  had t a k e n  p l a c e .  

I t  w a s  e s t a b l i s h e d  t h a t  p l a n t s  assimilate C1 be t t e r  t h a n  
On t h e  o t h e r  hand, t h e  h e a v i e r  CI3 and t h e  s t i l l  h e a v i e r  C I 4 .  

t h e  exchange mechanism b e t w e e n  a tmosphe r i c  carbon d i o x i d e  and 
o c e a n i c  c a r b o n a t e  b r i n g s  about  a large C I 4  c o n c e n t r a t i o n  i n  t h e  
c a r b o n a t e s .  Q u a n t i t a t i v e  r e s u l t s  have been o b t a i n e d  by measur ing  
C 1  c o n c e n t r a t i o n s  on m a s s  s p e c t r o m e t e r s  t a k i n g  i n t o  c o n s i d e r a t i o n  
t h a t  t h e  en r i chmen t  f a c t o r  f o r  C 1 4  i s  t w i c e  as h i g h  as t h a t  f o r  
C 1 3 .  A s  a r e s u l t  i t  w a s  found t h a t  t h e  C 1 4  c o n c e n t r a t i o n  i s  by 
1 . 2 %  h i g h e r  i n  c a r b o n a t e s  than  i n  the atmosphere, w h i l e  i n  t h e  
p l a n t s  i t  is  by 3.7% lower.  However, t h e  main f a c t  i s  t h a t  t h e s e  
v a l u e s  depend on l o c a l  c o n d i t i o n s  of  t h e  tree growth w i t h  t h e  
r e s u l t i n g  n e c e s s i t y  of measuring t h e  C 1 * / C 1 3  r a t i o  f o r  each  
spec imen,  e s p e c i a l l y  i n  cases i n v o l v i n g  an  accu racy  of more t h a n  
1%. 

A s  r e g a r d s  t h e  dependence of  r ad ioca rbon  c o n c e n t r a t i o n  on t h e  
l a t i t u d e  of  t h e  l o c a l i t y ,  r e c e n t  i n v e s t i g a t i o n s  [46] have demon- 
s t r a t e d  w i t h  a p r e c i s i o n  t o  several t e n t h s  of one p e r c e n t  t h a t  
r a d i o c a r b o n  c o n c e n t r a t i o n  i n  a r i n g  does n o t  depend on l a t i t u d e .  

V I I .  INVESTIGATION OF EXISTING 
EXPERIMENTAL DATA 

Works [8-11, 4 7 ,  481 p u b l i s h e d  i n  t h e  l a s t  t w o  y e a r s  p r e s e n t  
t h e  e x p e r i m e n t a l  v a l u e s  of r ad ioca rbon  c o n c e n t r a t i o n  i n  samples of 
known age  f o r  a w i d e  range  of t i m e  which goes  from our  days t o  
1 0 0 0  y e a r s  B . C .  ( F i g s .  4 -8) .  The d a t a  p r e s e n t e d  i n  t h e  f i g u r e s  
show t h a t  f o r  t h e  l a s t  3000 y e a r s  r ad ioca rbon  c o n c e n t r a t i o n  i n  t h e  
E a r t h ' s  a tmosphere h a s  n o t  remained c o n s t a n t .  There are c l e a r l y  
e x p r e s s e d  minima and maxima. Maxima are c l e a r l y  e x p r e s s e d  around 
1500 and 1 7 0 0 ,  and minimum around 1600. They w e r e  a l r e a d y  d e t e c t e d  
i n  ea r l i e r  works [ 6 , 7 ] .  The maxima around 700 and 380 and on ly  
s l i g h t l y  i n d i c a t e d .  ( F i g s .  4 , 6 ) .  

With r e c e s s i o n  i n t o  t h e  p a s t ,  t h e  r a d i o c a r b o n  c o n c e n t r a t i o n  
m o n o t o n i c a l l y  decreases reach ing  a minimum around t h e  beg inn ing  
of o u r  era .  Than it i n c r e a s e s  up t o  t h e  y e a r  1 0 0 0  B.C.  

T h e r e f o r e ,  among t h e  v a r i a t i o n s  of  t h e  CI4 c o n c e n t r a t i o n  i n  
t h e  a tmosphere ,  it i s  a p p a r e n t l y  p o s s i b l e  t o  d i s t i n g u i s h  changes 
w i t h  c h a r a c t e r i s t i c  t i m e s  o f  2000  and 200  y e a r s .  

Tables showing t h e  t i m e  dependence o f  Wolf numbers from 649 B.C .  
t o  o u r  days  are p r e s e n t e d  i n  [ 4 9 1 .  These dependences are based  
on a n  a n a l y s i s  o f  t h e  a v a i l a b l e  d a t a  on Wolf number v a r i a t i o n  i n  
t i m e  and on i n f o r m a t i o n s  concerning e a r t h q u a k e s ,  a u r o r a a  b o r e a l i s  
and  o t h e r  n a t u r a l  phenomena. I n  our  p r e s e n t  work w e  are n o t  i n  a 
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V a r i a t i o n s  o f  r a d i o c a r b o n  c o n c e n t r a t i o n  i n  

t h e  E a r t h ' s  a t m o s p h e r e  d u r i n g  t h e  l a s t  

3000 y e a r s  a c c o r d i n g  t o  t h e  d a t a  

o f  Suess  [ 8 ] .  

p o s i t i o n  t o  d i s c u s s  t h e  r e l i a b i l i t y  of Wolf number v a l u e s  p re -  
s e n t e d  i n  [ 4 9 ] .  

W e  s h a l l  o n l y  n o t e  t h a t  s y s t e m a t i c  i n v e s t i g a t i o n s  of  s u n s p o t s  
w e r e  c a r r i e d  o u t  o n l y  beginning  w i t h  t h e  middle  of  t h e  1 8 t h  c e n t u r y  
and ,  t h e r e f o r e ,  t h e  Wolf number v a l u e s  f o r  e a r l i e r  p e r i o d s  w e r e  
c a l c u l a t e d  under  s p e c i f i c  assumptions r e q u i r i n g  an e x p e r i m e n t a l  
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F i g .  5 .  

V a r i a t i o n s  o f  r a d i o c a r b o n  c o n c e n t r a t i o n  

i n  t h e  E a r t h ' s  a t m o s p h e r e  d u r i n g  t h e  l a s t  3000  

y e a r s  a c c o r d i n g  t o  d a t a  i n  [ 9 ]  

v e r i f i c a t i o n ,  Fig.9 shows t h e  t i m e  dependence of t h e  Wolf numbers 
f o r  t h e  l a s t  1 0 0 0  y e a r s  accord ing  t o  [ 4 9 1 .  

Comparison of F ig .9  and F i g s . 7 , 8  shows t h a t  t h e  maxima of 
r a d i o c a r b o n  c o n t e n t  i n  t h e  E a r t h ' s  a tmosphere i n  1500 and 1 7 0 0  
c o i n c i d e s  w i t h  t h e  minima of Wolf number t i m e  dependence. T h i s  
cc inc idence  leads IUS t o  suppose t h a t  t h e  200-year v a r i a t i o n s  i n  
t h e  E a r t h ' s  a tmosphere are due t o  s o l a r  a c t i v i t y .  Then, i n  accor- 
d a n c e  w i t h  t h e  d a t e  of F ig .3 ,  t h e  v a r i a t i o n  i n  C 1 4  c o n t e n t  by 2 %  
may be due t o  t h e  v a r L i t i o n  i n  t h e  rate o f  C 1 4  fo rma t ion  i f  it 
i s  CL 4 0 % .  This  v a r i a t i o n  i n  C14 fo rma t ion  ra te  can be o b t a i n e d  i f  
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F i g . 6 .  

V a r i a t i o n s  o f  C 1 4  c o n c e n t r a t i o n  i n  t h e  

E a r t h ' s  a t m o s p h e r e  d u r i n g  t h e  l a s t  

3000 y e a r s  a c c o r d i n g  t o  d a t a  i n  

[ l o ]  ( l i g h t  c i r c l e s )  a n d  [ll] ( d a r k  c i r c l e s ) .  

one  c o n s i d e r s  t h e  connec t ion  between t h e  W o l f  number and t h e  rate 
of r a d i o c a r b o n  fo rma t ion  as l i n e a r .  

Thus,  w e  a r r i v e  a t  t h e  conc lus ion  t h a t  t h e  expe r imen ta l  data 
on C14 v a r i a t i o n  i n  t h e  E a r t h ' s  atmosphere f o r  t h e  l a s t  400-500 
y e a r s  are n o t  i n  c o n t r a d i c t i o n  w i t h  t h e  assumption t h a t  t h e r e  
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F i g . 7 .  

V a r i a t i o n s  o f  C I 4  c o n c e n t r a t i o n  i n  t h e  

E a r t h ' s  a t m o s p h e r e  d u r i n g  t h e  l a s t  

1000  y e a r s  a c c o r d i n g  t o  d a t a  i n  [ 8 ] .  

e x i s t s  a c o r r e l a t i o n  between Wolf numbers and r ad ioca rbon  concen- 
t r a t i o n .  N a t u r a l l y ,  some p o i n t s  remain u n c l e a r .  I n  p a r t i c u l a r ,  
why i s  t h e  200-year c y c l e  c l e a r l y  e x p r e s s e d  on ly  i n  t h e  l a s t  
400-500 y e a r s ?  What i s  clear i s  t h a t  i f  t h e  200-year wave exis ted 
i n  e a r l i e r  p e r i o d s  i t s  ampli tude d i d  n o t  exceed 1% (Fig .4-8) .  This  
means t h a t  i f  t h e  200-year so l a r  a c t i v i t y  c y c l e  does  a c t u a l l y  e x i s t ,  
i t s  c h a r a c t e r i s t i c s  v a r y  i n  t i m e .  More d e t a i l e d  and p r e c i s e  measure- 
ments  of r ad ioca rbon  c o n t e n t  i n  t h e  E a r t h ' s  a tmosphere may p o s s i b l y  

c h a r a c t e r i s t i c s  i n  t h e  p a s t .  
r ~ ~ ~ ~ c ~ l  the 2Qg-ysa r  wave a ~ d ,  what is m e s t  irtpcrtaiit, defirie its 

The a v a i l a b l e  expe r imen ta l  data  do n o t  p e r m i t  t o  f o r m u l a t e  
any somewhat s u b s t a n t i a t e d  conc lus ion  on t h e  supposed 78-year 
so l a r  a c t i v i t y  c y c l e  [ 4 9 1 .  
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F i g .  8 .  

Variations o f  c I 4  concentration 

in the Earth's atmosphere during the last 

1000 years according t o  d a t a  in [ 9 ] .  

What conc lus ions  could  be drawn r e g a r d i n g  t h e  e f f e c t  of 
supernova  o u t b u r s t s ?  

o u t b u r s t s .  
o f  the a v a i l a b l e  d a t a .  
quence .  

W e  s h a l l  n o t e  o u t r i g h t  t h a t  a l though t h e r e  
uAL 3 YI.I no de ta i l ed  i f ives t iya i io~is  fori t h e  y e a r s  ciose t o  supernova 

Never the l e s s  some con lcus ions  can be made on t h e  b a s i s  
L e t  us examine a l l  t h e  o u t b u r s t  i n  se- 



27 

Supernova i n  t h e  C r a b  Nebula (1054) 

The C 1 4  c o n t e n t  w a s  expe r imen ta l ly  de te rmined  i n  samples f o r  
t h e  f o l l o w i n g  y e a r s :  
1023'3, 1067'7, 1096 4 ,  [81 : 1003*111 1052k10, 1100*8 191; 956'10, 
1056'10, 1136'10 [ l o ]  : 1009'25, 1109-25 [ 7 ] .  
I n d i c a t e d  are n o t  t h e  errors  i n  t h e  d e t e r m i n a t i o n  of samples '  
a g e ,  b u t  t h e  d u r a t i o n  of t h e  t i m e  i n t e r v a l  f o r  which the r i n g s  
w e r e  t aken .  . 

I -  
The on ly  conc lus ion  t h a t  can b e  d e r i v e d  when comparing da t a  

i n  F i g s .  (4-8) and Table  11 c o n s i s t s  i n  t h a t ,  a p p a r e n t l y ,  t h e  
t o t a l  energy  of y - r a d i a t i o n  of t h e  supernova  i n  t h e  Crab n e b u l a  
w a s  below l o 5 '  e r g s .  

The Tycho Brage Supernova (1572) 

The C 1 4  c o n c y n t r a t i o y  w a s  determiyed i n  syp le s  f o r  t h e  y e a r s :  
1537'2, 1563-3, 1582-2, 
1596'10, 1656-10 [ l o 1  : 1509-25, 1579-25, 1609-25 [71. 
I n  t h i s  case it can on ly  be  concluded as c a u t i o u s l y  as f o r  t h e  
Crab nebu la ,  t h a t  t h e  t o t a l  energy of t h e  y-component probably  
does n o t  exceed L O 5 '  ergs. 

[811 1450-104 1505-13$ 1597'5 [91 ; 1516'10 , 

The Kep le r  Supernova (1604) 

The C14 c o n t e n t  i s  known i n  specimens f o r  t h e  fo l lowing  y e a r s :  
1582+2,  1597'2, 1605'5, 1622'2 [ 8 ] ;  1597'5, 1646'4, [ 9 ] ;  1596210, 
1657k10 [ l o ] ;  1559'25, 1609'25, 1659'25 [71. 
Comparison of data  of Table I1 and F igs .  4-8 makes it p o s s i b l e  t o  
evaluate t h e  up er  l i m i t  f o r  t h e  t o t a l  energy  of y-component. I t  
proves t o  be 10" ergs. 

The Cassiopeia A Supernova (~1700) 

The C"' c o n t y n t  w a s  expe r imen ta l ly  de te rmined  f o r  t h e  y e a r s :  
1695'5, 1710-+10, 1712'2 [ 8 ] :  1646-4, 1697'5, 1829'13 [ 9 ] ;  1676'10, 
1696*10, 1650-10 [ l o ]  ; 1659'25, 1709'25, 1759'25 [ 7 ] .  
A s  a l r e a d y  mentioned, a l l  t h e  a u t h o r s  had d e t e c t e d  a maximum of 
r ad ioca rbon  c o n t e n t  i n  t h e  E a r t h ' s  atmosphere around 1 7 0 0 .  T h i s  
maximum may be due t o  t h e  c y c l i c  a c t i v i t y  of t h e  Sun. There are 
n o  d e t a i l e d  annua l  i n v e s t i g a t i o n  f o r  t h e  y e a r s  sur rounding  1700 
e i t h e r .  The re fo re ,  w e  can only n o t e  t h a t  d u r i n g  t h e  o u t b u r s t  of 
C a s s i o p e i a  A supernova  the  t o t a l  energy of t h e  y-component c o u l d  
h a r d l y  have exceeded e r g s .  

Thus, w e  a r r i v e  a t  t h e  conclus ion  t h a t  a t > t h p t  present  time 
t h e r e  are no  detailed i n v e s t i g a t i o n s  f o r  t h e  y e a r s  cor responding  
t o  t h e  o u t b u r s t s  o f  supernovae. I t  i s  t h e r e f o r e  imposs ib l e  t o  
a r r ive  a t  a conc lus ion  r egz rd ing  t h e  p re sence  o r  absence of a cor- 
r e l a t i o n  between supernova o u t b u r s t s  and t h e  C1 c o n c e n t r a t i o n  i n  
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t h e  E a r t h ' s  atmosphere.  I t  can on ly  be a s s e r t e d  t h a t  n e i t h e r  
t h e o r e t i c a l  c o n s i d e r a t i o n s  nor  e x p e r i m e n t a l  d a t a  exc lude  t h e  
p o s s i b i l i t y  of such a c o r r e l a t i o n .  

A s  a l r e a d y  mentioned,  w i th  a r e c e s s i o n  i n t o  t h e  p a s t  t h e  
C c o n c e n t r a t i o n  i n  t h e  E a r t h  ' s atmosphere d e c r e a s e s  monoto- 
n i c a l l y ,  r e a c h e s  i t s  minimum around t h e  beg inn ing  of o u r  e r a ,  

y e a r s  

F i g .  9 .  

T i m e  d e p e n d e n c e  o f  t h e  n u m b e r  

o f  s u n s p o t s  [ 4 9 1 .  

and t h e n  i n c r e a s e s  up t o  t h e  y e a r  1000 B.C.  The cause  o f  t h i s  
change  i s  up t o  now u n c l e a r .  Th i s  v a r i a t i o n  i n  t h e  p a s t  may be  
due t o  v a r i a t i o n s  i n  t i m e  of t h e  E a r t h ' s  magne t i c  f i e l d .  A s  i s  
w e l l  known, t h e  i n t e n s i t y  of cosmic r a y s  i n c i d e n t  upon t h e  E a r t h ' s  
a tmosphere  d e c r e a s e s  w i t h  t h e  i n c r e a s e  of t h e  E a r t h ' s  magnetic 
field. According t o  a v a i l a b l e  e x p e r i m e n t a l  d a t a  on t h e  thermo- 
remanent  magne t i za t ion  o f  c a l c i n e d  clay 1501 it follows t h a t  t h e  
i n t e n s i t y  of t h e  E a r t h ' s  magnet ic  f i e l d  had i n c r e a s e d  up t o  t h e  
b e g i n n i n g  o f  o u r  e ra ,  reached  t h e  magnitude o f  1 . 4  H o  ( H o  being 
t h e  f i e l d  i n t e n s i t y  a t  t h e  p r e s e n t  t i m e )  and t h e n  began t o  decrease 
I n  o t h e r  words t h e  maximum of t h e  E a r t h ' s  magne t i c  f i e l d  c o i n c i d e s  
w i t h  t h e  minimum of t h e  CI4 c o n t e n t  i n  t h e  E a r t h ' s  atmosphere.  
T h i s  c i r cums tance  a l lowed t h e  a u t h o r s  of [ l o 1  t o  r each  t h e  con- 

dence  of t h e  CI4 c o n c e n t r a t i o n ,  i s  due t o  v a r i a t i o n s  of t h e  
E a r t h ' s  n a g n e t i c  f i e l d .  

c : l l J s i c E  t h a t  the 200C-yeGrs \;a-v'2 2s & c*---L: LullLClull  -- of the t i i r r e  depen- 

I3esides t h e  a forement i  oned c a u s e s ,  t h e  v a r i a t i o n s  of radio- 



2 9  

. 

carbon c o n t e n t  i n  t h e  E a r t h ' s  a tmosphere may be  a lso due t o  
v a r i a t i o n s  i n  t h e  r a t e  of  mixing betwezn t h e  v a r i o u s  r e s e r v o i r s  
caused  by c l ima t i c  changes i n  t h e  p a s t ,  v u l c a n i c  a c t i v i t y  and 
so f o r t h .  

Moreover, acco rd ing  t o  a n o t h e r  h y p o t h e s i s  v a r i a t i o n s  i n  t h e  
C 1 4  c o n c e n t r a t i o n  t a k e  p l a c e  w i t h  t h e  e n t r y  of a n t i b o d i e s  i n  t h e  
E a r t h  ' s atmosphere.  The an t ibody  n a t u r e  of  t h e  Tungusska m e t e o r i t e  
i s  c i t e d  as an example [471 - I n  connec t ion  w i t h  t h e  q r e a t  i n t e r e s t  
aroiised by t h e  an t ibody  problem, it seems a d v i s a b l e  t o  d w e l l  
somewhat more i n  d e t a i l  on t h e  r e s u l t s  of  t h e  i n v e s t i g a t i o n s  o f  
C 1 4  c c r t e n t  aroi ind 1 9 0 8 ,  w h i c h  w a s  t h e  yea.r o f  t h e  f a l l  o f  t h e  
Tunausska m e t e o r i t e .  

The Tunguska meteorite exploded i n  t h e  atmosphere a t  an a l t i -  
t u d e  of 5-10 km on June  30 ,  1908 a t  1 2  h r  1 7  min a . m . U T  ( a b o u t  
7 a . m .  loca l  t i m e )  i n  S i b e r i a  i n  t h e  r e q i o n  of t h e  S tony  Tunguska 
r i v e r .  Accordinq t o  v a r i o u s  e s t i m a t e s ,  t h e  ene rgy  of t h e  exDlos ion  
r eached  - erss. We s h a l l  n o t  dwe l l  on t h e / v a r i o u s  hypo- 
t h e s e s  which w e r e  advanced concern ing  t h e  n a t u r e  of t h e  Tunguska 
meteerite. W e  w i l l  o n l y  examine t h e  h y p o t h e s i s  conce rn ing  i t s  
a n t i b o d y  n a t u r e .  L e t  u s  assume t h a t  t h e  Tunguska c a t a s t r o p h e  w a s  
caused  by t h e  e n t r y  o f  an a n t i m e t e o r  i n  t h e  E a r t h ' s  a tmosphere.  
T h i s  caused  t h e  format ion  of n e u t r o n s  a t  t h e  exDense of a n n i h i -  
l a t i o n .  On t h e  b a s i s  o f  n i t r o g e n  r e a c t i o n  ( n , p )  t h e s e  neu t rons  
y i e l d e d  C 1 4 .  Ana lys i s  shows t h a t  2-3 n e u t r o n s ,  and n o t  8 f 4  as i n -  
d i c a t e d  by Cowan, A t l u r i  and Libby 1471, are formed f o r  each  an- 
h i l a t e d  a n t i n u c l e o n .  Then, w i t h  t o t a l  energy  of t h e  Tunguska 
body e q u a l  t o  e r g s  t h e  t o t a l  number of t h e  formed C 1 4  n u c l e i  
s h o u l d  be  ( 6 - 1 0 )  i .e .  t h e  v a r i a t i o n  i n  C 1 4  c o n t e n t  would be 
2-3%. I f  w e  took f o r  t h e  m i n i m u m  ps t imate  of t h e  Tunguska body 
t h e  ene rgy  of l o 2  e r g s ,  t h e  i n c r e a s e  would be by ( 0 . 2  - 0.3)  % .  
C o w a n ,  Libby and A t l u r i  have de te rmined  w i t h  p r e c i s i o n  of  UP t o  3% 
t h e  C 1 4  c o n c e n t r a t i o n  i n  t h e  annua l  l a y e r s  of wood (oak and f i r  
f r o m  t h e  S t a t e  of Ar izona)  from 1870 t o  1936. T h e i r  r e s u l t s  are 
p r e s e n t e d  i n  Fig.10 and show t h a t ,  as compared w i t h  1908 and 1909, 
an i n c r e a s P  i n  c14 a c t i v i t y  w a s  d e t e c t e d  i n  1 9 0 9 .  A s  t h i s  i n c r e a s e  
l i e s  w i t h i n  t h e  l i m i t s  of  measurement e r r o r s ,  it would be,  t o  say 
t h e  l e a s t ,  venturesome t o  conclude t h a t  w e  have h e r e  a c o n f i r m a t i o n  
of t h e  an t ibody  h y p o t h e s i s .  

I n v e s t i g a t i o n s  f o r  de t e rmin ing  t h e  C 1 4  c o n t e n t  i n  t h e  a n n u a l  
r i n q s  o f  a tree f r o m  t h e  r e g i o n  where t h e  Tunguska body exploded  
w e r e  c a r r i e d  o u t  a t  t h e  I n s t i t u t e  i n  t h e  name o f  Vernadskiy [ 4 8 ] .  
The r e s u l t s  of t h e s e  i n v e s t i g a t i o n s  are shown i n  t h e  s a m e  F i g .  as 
t h o s e  o f  [ 4 7 ] .  A 140-year  l a r c h  f a l l e n  i n  t h e  f a l l  of 1 9 6 1  w a s  
t h e  o b j e c t  of  t h e  i n v e s t i q a t i o n .  T h e  v e g e t a t i v e  s e a s o n  o f  t h i s  
t y p e  nf tree l a s t s  from t h e  end of iviay t o  t he  middle or' Sepieiibei- 
SO t h a t  an i n c r e a s e  i n  shoiild be expec ted  i n  t h e  1908 r i n g .  
A s  i s  shown i n  t h e  o b t a i n e d  d a t a  ( F i g . l O ) ,  t h e  c o n t e n t  i n  1908 
r i n g s  i s  h i g h e r  t h a n  i n  1909 and 1 9 1 0 .  T h i s  would s e e m  t o  confirm 
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a connec t ion  between t h e  Tunguska c a t a s t r o p h e  and t h e  C 1 4  c o n t e n t  
i n  t h e  E a r t h ' s  atmosphere.  However, as i n  [ 4 7 ] ,  t h e  measurement 
error o v e r l a p s  t h e  d i f f e r e n c e  between t h e  c o n c e n t r a t i o n s  f o r  1908,  

I 

F i g . 1 0 .  

C 1 4  c o n c e n t r a t i o n  i n  d e n d r o c h r o n o l o g i c a l l y  

d a t e d  t r e e  r i n g s :  

o - a c c o r d i n g  t o  d a t a  i n  [ 4 8 ]  

- a c c o r d i n g  t o  d a t a  i n  [ 4 7 ]  
0 

1909 and 1910. T h e r e f o r e ,  i n  o u r  o p i n i o n ,  t h e  o n l y  c o n c l u s i o n  t h a t  
can be made on t h e  b a s i s  of d a t a  o b t a i n e d  i n  [ 4 7 ,  481 i s  t h a t  t h e  
e x p e r i m e n t a l  d a t a  on C 1 4  do no t  e x c l u d e  t h e  p o s s i b i l i t y  t h a t  t h e  
Tunguska body i s  of an t ibody  n a t u r e .  

There i s  s t i l l  a n o t h e r  s e r i o u s  o b j e c t i o n  a g a i n s t  t h e  an t ibody  
n a t u r e  of t h e  Tunguska body c o n s i s t i n g  i n  t h a t  t h e  p r o b a b i l i t y  of 
an a n t i b o d y  p e n e t r a t i n g  t h e  atmosphere t o  such a great dep th  i s  
extrefie ly s li qht . 

Venkatavaradan [ 5 1 ]  c o n s i d e r s  t h a t  v a r i a t i o n s  i n  t h e  C 1 4  con- 
t e n t  i n  E a r t h ' s  a tmosphere n e a r  t h e  y e a r  1 9 0 8  i s  due t o  t h e  c y c l i c  
a c t i v i t y  of t h e  Sun. One of t h e  minima of so l a r  a c t i v i t y  o c c u r r e d  
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i n  1 9 0 9  and,  i n  p r i n c i p l e ,  an i n c r e a s e  i n  C 1 4  cou ld  co r re spond  
t o  i t .  However, l e t  us n o t e  t h a t  comparison of t h e  t i m e  depen- 
dence of s u n s p o t  numbers (F ig .11)  w i t h  t h e  d a t a  of F ig .10  shows 

r s  

F i g .  11. 

T i m e  d e p e n d e n c e  o f  t h e  n u m b e r  o f  

s u n s p o t s  [ 4 9 ] .  

t h a t  t h e  minima and maxima of F ig .10  do n o t  n e c e s s a r i l y  corres- 
pond t o  t h o s e  of Fig.11. In any case, t h e  prcblem of t h e  connec- 
t i o n  between C14 c o n t e n t  and t h e  Tunguska c a t a s t r o p h e  canno t  be 
c o n s i d e r e d  as s o l v e d  a n d  r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n s .  

VII. B R I E F  CONCLUSIONS 

1. The problem of t h e  p o s s i b i l i t y  of s t u d y i n g  v a r i o u s  astro- 
p h y s i c a l  phenomena ( c y c l i c  a c t i v i t y  of t h e  Sun, o u t b u r s t s  of supe r -  
novae et.c) by determining the zadiocarbon c m t e n t  i n  dendrzchrmc- 
l o g i c a l l y  d a t e d  specimens i s  i n v e s t i g a t e d .  

2 .  I t  i s  shown t h a t  o u t b u r s t s  of supernovae can be a t t e n d e d  
by an i n c r e a s e  of C' c o n t e n t  i n  t h e  E a r t h ' s  atmosphere by a magni- 
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t ude  a c c e s s i b l e  t o  r e g i s t r a t i o n ,  p rovided  t h e  y-quanta e m i t t e d  
d u r i n g  t h e  o u t b u r s t s ,  have a t o t a l  energy  n o t  much lower than  
t h a t  of  cosmic r a y s .  

I f  t h e  c o r r e l a t i o n  between supernova o u t b u r s t s  and radiocar- 
bon c o n c e n t r a t i o n  i n  t h e  E a r t h ' s  atmosphere i s  detected e x p e r i -  
m e n t a l l y ,  i t  w i l l  become p o s s i b l e  t o  o b t a i n  in fo rma t ion  on o u t -  
b u r s t  charac te r i s t ics  and,  i n  p a r t i c u l a r ,  t o  de te rmine  t h e  t o t a l  
energy  of t h e  y-component. 

Knowledge of t h e  t i m e  dependence of C I 4  c o n c e n t r a t i o n  i n  
t h e  E a r t h ' s  atmosphere w i l l  make it p o s s i b l e  t o  determine t h e  
c h a r a c t e r i s t i c  t i m e s  of mixing i n  v a r i o u s  r e s e r v o i r s .  Moreover, 
i t  w i l l  be  p o s s i b l e  t o  determine t h e  d a t e s  of  up t o  now undetec-  
t e d  o u t b u r s t s ,  a s  well as t h e i r  c h a r a c t e r i s t i c s .  

3. A d e t a i l e d  i n v e s t i g a t i o n  of t h e  C 1 4  c o n t e n t  i n  t h e  E a r t h ' s  
atmosphere f o r  a long  t i m e  i n t e r v a l  i n  t h e  p a s t  w i l l  make i t  p o s s i b l e  
t o  de t e rmine  t h e  c o n d i t i o n s  of s o l a r  a c t i v i t y  i n  v a r i o u s  p a s t  y e a r s ,  
as w e l l  as t h e  r e g u l a r i t i e s  occur r ing  i n  t h e  s o l a r  a c t i v i t y ,  

4 .  To r e a l i z e  t h e  comprehensive " A s t r o p h y s i c a l  phenomena 
and r ad ioca rbon"  program, it is necessa ry :  

a )  t o  develop  a dendrochronologica l  method of de t e rmin ing  
t h e  age of wood i n  a wide range of t i m e  from o u r  days t o  s e v e r a l  
thousand y e a r s  b e f o r e  o u r  e ra  and m o r e .  

b )  t o  develop  methods of de t e rmin ing  C 1 4  c o n c e n t r a t i o n  w i t h  
p r e c i s i o n  of ( 0 . 3  - O.l)%. S p e c i a l  a t t e n t i o n  shou ld  be p a i d  t o  
t h e  s t a b i l i t y  of  t h e  exper imenta l  equipment and t h e  r e p r o d u c i b i l i t y  
of t h e  r e s u l t s .  

To  improve t h e  basic parameters  of t h e  e x i s t i n g  methods 
( a c c u r a c y ,  s t a b i l i t y ,  r e p r o d u c i b i l i t y )  of C'  r e g i s t r a t i o n ,  namely 
t h e  p r o p o r t i o n a l  and s c i n t i l l a t i o n  c o u n t e r s ,  i t  i s  necessa ry  t o  
deve lop ,  besides t h e  obvious methods ( r e d u c t i o n  of background, 
i n c r e a s e  of d e t e c t o r  volume, u s e  of s t a b i l i z a t i o n  s y s t e m s ) ,  also 
methods f o r  C 1 4  enr ichment  r e l a t i v e  t o  C1' and C 1 3 .  Thus, f o r  
i n s t a n c e ,  an enr ichment  by  a factor of 1 0 0 ,  a l l  o t h e r  c o n d i t i o n s  
b e i n g  e q u a l ,  r e s u l t s  i n  a t e n f o l d  improvement of s t a t i s t i c a l  accuracy .  
On t h e  o t h e r  hand, w i t h  an i d e n t i c a l  s t a t i s t i c a l  accuracy ,  working 
w i t h  an e n r i c h e d  carbon r e q u i r e s  less t i m e  and,  co r re spond ing ly ,  
y i e l d s  r e s u l t s  of b e t t e r  s t a b i l i t y  and r e p r o d u c i b i l i t y .  

I n  a number of c a s e s ,  e s p e c i a l l y  when working wi th  a n c i e n t  
s amples ,  t h e  q u a n t i t y  or' caiboii  is l i ~ i t e d .  IC these C G S ~ S ,  the  
mass-specrometr ic  method of determining t h e  q u a n t i t y  of C1 a t o m s  
c o u l d  be more e x p e d i e n t .  Th,e s e n s i t i v i t y  of t h e  mass-spectromet- 
r i c  method can a t t a i n  1 0 ' '  of C 1 4  a t o m s  ( g a i n  by a f a c t o r  of 30 
as Compared w i t h  t h e  e x i s t i n g  m e t h o d s ) .  The development of  h igh-  
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s e n s i t i v i t y  mass spectrcimeters and t h e  enr ichment  of C '  r e la t ive  
t o  C" and C 1 3  w i l l  make it p o s s i b l e  t o  i n c r e a s e  t h e  age l i m i t  
a c c e s s i b l e  t o  measurements. 

c)  T o  deve lop  a q u a n t i t a t i v e  mechanism f o r  t h e  connec t ion  
between a s t r o p h y s i c a l  phenomena and t h e  r ad ioca rbon  c o n t e n t  i n  
t h e  E a r t h  ' s atmosphere.  

V. W e  r ea l i ze  t h e  s e r i o u s  d i f f i c u l t i e s  c o n f r o n t i n g  t h e  
r e a l i z a t i o n  of a complete  program of  i n v e s t i g a t i o n s  on t h e  problem 
" A s t r o p h y s i c a l  phenomena and rad iocarbon" .  Nevertheless, w e  deem 
i t  n e c e s s a r y  t o  c a r r y  o u t  t h e s e  i n v e s t i g a t i o n s  because ,  b e s i d e s  
t h e  abovementioned advantages ,  t h e y  w i l l  make i t  p o s s i b l e  : 

1) to improve d i s t i n c t l y  t h e  l eve l  of dendrochrono log ica l  

2 )  t o  improve t h e  b a s i c  parameters  (accuracy ,  reprodu-  
s t u d i e s  i n  t h e  USSR; 

c i b i l i t y )  of t h e  e x i s t i n g  methods of C I 4  atoms count ;  
t h i s  w i l l  p e r m i t  t o  c a r r y  o u t  by t h e  rad iocarbon method 
t h e  t r a d i t i o n a l  age measurements of samples w i t h  h i g h  
p r e c i s i o n  and r e l i a b i l i t y  and i n  a s h o r t e r  t i m e .  

V I .  Knowledge of annual  C 1  va r i a t ions  i n  t h e  E a r t h ' s  atmos- 
phe re  w i l l  make i t  p o s s i b l e  t o  d a t e  a r c h e o l o g i c a l  wood w i t h ,  i n  
p r i n c i p l e ,  an accuracy  of 1 y e a r ,  n o t  on t h e  b a s i s  of i t s  mean 
a c t i v i t y ,  b u t  on t h e  b a s i s  of t h e  annual  v a r i a t o n s  c h a r t .  

* * *  * * * THE END 
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